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ABSTRACT 


A  study  of  purple  martins  was  undertaken  to  examine  the 
influence  of  several  meteorological  factors  upon  one  phase 
of  their  activity  -  nest  entrances  and  departures  -  and  to 
determine  the  characteristics  of  this  bird's  breeding 
biology  near  the  northern  limites  of  its  breeding  range. 
Research  was  conducted  during  the  summers  of  1965  and 
1966  in  the  vicinity  of  Edmonton,  Alberta, 

Certain  weather  factors  were  correlated  with  purple 
martin  activity  at  the  nest  entrance.  It  was  assumed 
that  correlations  during  the  "nestling  stage"  were  in¬ 
direct,  acting  through  the  availability  of  aerial  in¬ 
sects  which  form  the  majority  of  purple  martin  food. 
Correlations  outside  the  "nestling  stage"  reflected  the 
relative  strength  of  territorial  vs,  feeding  drives.  Rain 
lasting  three  or  more  hours  substantially  reduced  activity. 
When  other  factors  were  studied  in  combination  temperatures 

below  55°f  were  most  influential  on  recorded  martin 
activity.  Temperatures  above  about  59°F  had  little  in¬ 
fluence.  Martin  activity  was  generally  greater  on  a 
clear  to  partly  cloudy  day  than  on  a  dull  day.  Wind 
velocities  above  about  6.5  mph,  particularly  above  15  mph 
reduced  activity.  Relative  humidities  above  about  65  per¬ 
cent  tended  to  decrease  activity.  Barometric  pressure 
per  se  and  barometric  pressure  changes  had  little  influence 
on  purple  martin  activity  at  the  nest  entrance.  Of  the 
seven  stages  in  the  breeding  cycle,  activity  during  the 
nest  completion  stage  was  influenced  most  by  weather,  and 
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activity  during  the  incubation  stage  was  influenced  least. 

It  appeared  that  average  weather  conditions  at  Edmonton 
were  not  limiting  productivity  of  purple  martins.  Their 
increase  at  this  latitude  probably  is  limited  by  nest  site 
availability. 

The  breeding  cycle  was  divided  into  seven  stages. 

These  stages  and  the  mean  duration  of  each  were:  arrival, 
nest-cavity  defence  and  pair-bond  formation  -  6.5  days; 
nest  building  -  11.8  days;  nest  completion  -  3.2  days; 
laying  -  4.8  days;  incubation  -  16.6  days;  nestling  - 

27.4  days;  post-breeding  defence  of  nest  cavity  -  5.9  days. 
Clutches  laid  later  in  the  season  were  smaller.  The  number 
of  young  fledged  varied  from  one  to  seven  with  a  mean  of 

3.4  for  55  nests.  These  breeding  statistics  are  not 
significantly  different  from  those  reported  by  Allen  and 
Nice  (1952) ,  except  that  incubation  was  longer,  and 
fledging  success  greater  at  the  latitude  of  Edmonton. 

During  the  nestling  stage  activity  at  the  nest  entrance, 
presumably  reflecting  the  rate  of  feeding  of  nestlings, 
increased  to  day  10,  was  maintained  through  day  13,  and 
decreased  after  day  14.  As  brood  size  increased,  the 
nest  entrance  and  departure  activity  decreased  per  nest¬ 
ling.  Males  in  adult  plumage  were  observed  to  feed 
young  at  a  rate  similar  to  females,  whereas  males  in  first 
nuptial  plumage  fed  young  at  half  this  rate.  Males  in  first 
nuptial  plumage  were  the  main  participants  in  the  post¬ 
breeding  defence  of  the  nest-cavity. 
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"There  is  really  no  such  thing  as 
bad  weather,  only  different  kinds 
of  good  weather." 


JOHN  RUSKIN 


"Quoted  by  Lord  Avebury" 
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INTRODUCTION 


Purple  martins  (Progne  subis) ,  North  America's  largest 
swallow,  nest  from  southern  Canada  to  northern  Mexico  and 
winter  in  South  America  (Peterson,  1961) „  In  primeval  times 
their  distribution  within  this  range,  during  the  breeding 
season,  was  presumably  dependent  upon  the  presence  of 
available  abandoned  cavities  in  forest  trees  which  served 
as  nest  sites.  Today,  however,  they  nest  almost  exclusively 
in  artificially  constructed  nest  boxes. 

Early  Alberta  naturalists  reported  martins  nesting  in 
small  colonies  in  burned-over  forests  of  central  Alberta 
(K.  Wood,  pers.  comm.) „  My  observations  taken  from  central 
Alberta  northward  to  the  arctic  coast  indicate  that  Edmonton, 
which  has  about  2000  nesting  pairs,  is  near  the  northern  limit 
of  their  breeding  range.  Scattered  pairs  are  found  north 
of  this  city  for  about  150  miles.  The  available  nest  boxes 
and  abandoned  cavities,  created  mainly  by  woodpeckers, 
which  occur  along  the  Mackenzie  River  to  the  Arctic  are  not 
used  by  purple  martins. 

Purple  martins  are  one  of  several  species  of  birds 
which  depend  almost  exclusively  on  aerial  invertebrate  life 
for  food,  (Allen  and  Nice,  1952) .  Numerous  authors  have 
recorded  the  influence  of  weather  upon  the  numbers  of 
insects  present  in  the  atmosphere  (Hardy  and  Milne,  1938; 
J^cClure,  1938;  Glick,  1939,  1942,  1955;  Freeman,  1945; 
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Ayre,  1958;  Glick  and  Noble,  1961;  Williams,  1961). 

Survival  of  purple  martins  therefore  seems  linked  in¬ 
directly  with  weather  conditions.  Forbush  (1904)  has 
stated  that  several  days  of  rain,  following  a  drought, 
eliminated  martins  from  most  of  Massachusetts  and  other 
New  England  states.  Losses  of  these  birds  are  reported 
at  other  localities  under  similar  conditions  (Jones,  1917; 
McConnell,  1918;  Bent,  1942;  Allen  and  Nice,  1952). 
Apparently  many  days  of  cold  and/or  rain  reduced  aerial 
insects  to  such  an  extent  that  martins  died  of  starvation. 
One  object  of  this  study  was  to  determine  the  influence 
of  weather  conditions  on  the  general  activity  of  purple 
martins . 

Changes  in  climate  occur  with  changes  in  latitude. 

This  is  reflected  in  the  biology  of  species  with  wide 
latitudinal  ranges.  Lack  (1947)  has  stated  that  productiv¬ 
ity  as  a  function  of  clutch  size  increased  from  the  tropics 
towards  the  poles  for  individual  species  nesting  over  a 
wide  latitude.  Since  Allen  and  Nice  (1952)  have  documented 
the  breeding  biology  of  purple  martins  in  Michigan,  it  was 
appropriate  to  compare  their  findings  with  the  situation 
at  Edmonton.  A  second  objective  of  this  study  was  to 
determine  the  characteristics  of  the  breeding  biology 
of  this  species  at  the  northern  limits  of  its  breeding 
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PROCEDURE 

In  order  to  determine  the  impact  of  weather  conditions 
on  purple  martins,  I  decided  to  choose  one  phase  of  their 
activity  for  measurement.  I  had  noted  previously  that 
martins  spend  a  great  deal  of  time  passing  in  and  out  of 
the  nest  boxes.  I  decided  to  record  this  specific  activity 
pattern  as  representing  overall  activity. 

The  entrances  and  departures  from  the  nest  box  (hence 
forward  referred  to  as  ED  activity) ,  were  recorded  in  1965 
from  a  colony  of  eight  nesting  pairs  of  purple  martins  at 
the  A.  Porcher  residence  in  east  Edmonton  (Appendix  I) „ 

In  1966,  this  activity  was  recorded  at  18  nests  near  park 
headquarters  at  Elk  Island  National  Park,  25  miles  east 
of  Edmonton  (Appendix  II) . 

The  ED  activity  of  the  birds  was  recorded  from 
photo-electric  sensing  devices  mounted  at  the  nest  entrance 
(Appendix  III) .  When  a  bird  passed  through  the  light  beam 
on  entering  or  leaving  the  nest,  the  impulse  was  recorded 
on  an  Esterline  Angus  recorder.  Several  electronic 
difficulties  arose  in  1965  through  using  an  inappropriate 
light  source  and  wiring.  These  were  corrected  in  1966 
and  little  trouble  was  experienced.  Details  of  the 
wiring  diagrams  may  be  examined  in  Appendix  IV. 

Purple  martin  ED  activity  was  recorded  continually 
from  May  28  through  August  17,  1965  and  from  May  23 
through  August  30,1966.  A  typical  record  is  shown  in 
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Figure  1.  It  is  evident  from  this  figure  that  martins 
did  not  always  move  completely  through  the  entrance  but 
remained  resting  therein  for  varying  lengths  of  time. 

When  compiling  the  data  I  arbitrarily  decided  that  if  the 
bird  had  blocked  the  light  source  for  less  than  one 
minute,  only  one  pass  was  recorded,  However  if  the  bird 
blocked  the  light  source  for  longer  than  one  minute, 
then  two  passes  were  noted,  one  for  entering  the  small 
photo-electric  box  and  one  for  depatting,  For  example, 
during  the  half-hour  interval  shown  in  Figure  1,  channel 
5  would  register  5  EDs,  channel  12-7  EDs  and  channel 
13-9  EDs  o 

Several  of  the  nest  boxes  faced  west  into  the 
afternoon  sun,  When  sunlight  shone  directly  into  the 
next  entrance,  a  bird  passing  through  failed  to  activate 
the  light  sensitive  resistor,  thus  much  of  the  afternoon 
activity  was  lost.  Because  of  the  interference  of 
sunlight  I  decided,  for  all  nests,  to  utilize  only 
morning  activity  which  is  represented  by  the  time  from 
beginning  of  morning  civil  twilight  until  1230  hours. 

Civil  twilight  commences  when  the  sun  is  6°  below 
the  horizon  and  ends  when  it  reaches  the  horizon 
(List,  1951) ,  This  time  at  Edmonton  varies  from  42 
minutes  on  May  1,  to  55  on  June  21,  and  back  to  25 
minutes  on  August  25  (List,  op, cit , ) , 
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Figure  1.  Record  of  purple  martin  ED  activity- 

taken  from  a  20-channel  Esterline 
Angus  recorder.  This  record  was 
taken  on  June  24,  1966  from  0800  to 
0830  hours.  Meteorological  conditions 
were  as  follows; 

Temperature,  58°F; 

Wind  velocity,  calm; 

Sky  opacity,  9; 

Relative  humidity,  59%; 

Barometric  pressure,  31,5  m,b. 

Activity  represented  was  by  pairs  of 
birds  at  different  stages  in  the 
breeding  cycle  as  noted  along  the 
side  of  the  Figure, 
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The  data  were  summarized  by  obtaining  the  mean 
morning  activity  for  each  nest.  This  mean  value  will 
henceforth  be  the  ED  activity  discussed. 

Most  meteorological  data  were  obtained  in  1965 
from  the  Department  of  Transport  Weather  Station  3.75 
miles  northwest  of  the  experimental  site.  In  1966, 
temperature,  relative  humidity  and  barometric  pressure 
and  hours  of  rainfall  were  recorded  30  inches  above 
ground  with  standard  meteorological  instruments,  at  the 
experimental  site  (Appendix  V) .  Data  on  wind  velocity 
and  sky  opacity  were  obtained  from  the  Edmonton 
International  Airport  Weather  Station,  41  miles  south¬ 
west.  Temperature  was  recorded  in  degrees  Fahrenheit; 
barometric  pressure,  in  millibars;  wind  velocity,  in 
miles  per  hour;  relative  humidity,  in  percent; 
rainfall  in  hours  per  half  day.  Mean  morning  weather 
values  were  calculated  from  civil  twilight  to  1200 
hours  for  each  meteorological  factor  except  rainfall. 
This  latter  factor  was  recorded  as  the  total  number  of 
hours  for  the  half  day. 

The  influence  of  individual  meteorological  factor 
on  the  ED  activity  was  analysed  for  each  of  seven 
arbitrarily-selected  stages  in  the  breeding  cycle.  A 
multiple  regression  computer  program  was  used  in  the 
analysis.  Correlations  were  considered  significant  at 
the  five  percent  level.  Significance  was  determined  by 
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comparison  of  the  correlation  factors  with  confidence- 
belt  graphs  from  Bennett  and  Franklin  (1954) .  The  impact 
of  several  weather  factors  acting  together  upon  the  ED 
activity  was  studied  using  a  graphical  form  designed  by 
Hardy  and  Milne  (1938)  but  expanded  to  include  up  to 
four  weather  factors. 

To  facilitate  comparison  of  weather  factors  with 
activity  at  the  nest  entrance,  the  breeding  cycle  was 
divided  into  seven  stages.  They  are  as  follows: 
arrival,  nest-cavity  defence  and  pair-bond  formation; 
nest  building;  nest  completion;  laying;  incubation; 
nestling;  and  post-breeding  defence  of  nest  cavity. 

Typical  examples  of  ED  activity  within  each  of  these 
stages  are  illustrated  in  Figures  2  and  3, 

Breeding  biology  data  for  each  of  the  seven  stages 
were  recorded  at  all  nests  under  study.  In  1965,  the 
eight  electronically  wired  nest  boxes  were  occupied  for 
all  or  part  of  the  season  and  will  be  called  henceforth 
the  "experimental  nests".  Thirteen  unequipped  nests 
were  occupired  for  all  or  part  of  the  season  and  will  hence¬ 
forth  be  called  the  "control  nests".  The  latter  were 
located  from  30  feet  to  7,5  miles  from  the  experimental 
nests.  At  Elk  Island  in  1966,  the  18  electronically 
equipped  nests  were  the  exper imentals ,  Controls  were  14 
unequipped  nests  at  the  same  site  and  four  others 
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Figure  2.  Average  hourly  ED  activity  of  purple  martins 
for  three  days  in’  each  of  the  stages  of  the 
breeding  cycle  from  arrival  to  nest  com¬ 
pletion.  These  data  were  collected  in  1966 
at  Elk  Island  National  Park.  Birds  in¬ 
volved  include  from  top  to  bottoms 

A.  Yearling  male;  female  arrived  June  8. 

B.  Yearling  male  arrived  June  20;  female 
arrived  June  23;  nest  building  began 
June  24. 

C.  Adult  male;  nest  building  began 

May  25  or  26;  nest  completed  May  30. 

D.  Same  pair  as  "C";  nest  building 
complete  May  30;  first  egg  laid 
June  12. 
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Figure  3.  Average  hourly  ED  activity  of  purple 
martins  for  three  days  in  each  of  the 
stages  of  the  breeding  cycle  from 
laying  to  post-breeding  nest-cavity 
defence.  These  data  were  collected 
in  1966  at  Elk  Island  National  Park. 
Birds  involved  include  from  top  to 
bottom: 

A.  Same  pair  as  in  Figure  2  "C"  and 
"D";  first  of  five  eggs  laid 
June  12;  last  egg  laid  June  16. 

B.  Same  pair  as  "A"  above;  incuba¬ 
tion  began  June  16;  first  young 
hatched  July  1. 

C.  Same  pair  as  "A"  and  "B"  above; 

3  nestlings,  two  hatched  July  1, 
the  third  July  2. 

D.  Yearling  male  began  defending 
cavity  July  23;  female  joined 
in  defence  July  27;  adult  male 
alone  defending  cavity  July  30. 
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22  miles  southwest.  The  1965  experimental  nests  were 
examined  almost  daily  until  all  young  fledged.  Of 
the  control  nests,  three  were  examined  every  third  day, 
and  three  once  a  week.  At  five  control  nests  each 
young  upon  hatching  was  individually  marked  by  painting 
their  claws  with  nail  polish.,  Later  each  nestling  was 
banded  with  a  U.S.  Fish  and  Wildlife  aluminum  band. 

The  wing  chords  of  each  marked  nestling  were  measured 
daily  from  hatching  until  fledging.  In  1966  all  nests 
were  checked  at  least  every  other  day  until  just  before 
the  nestlings  began  to  hatch,  then  daily  until  hatching 
was  completed.  Subsequent  observations  were  made  every 
second  to  fourth  day  until  fledged. 
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RESULTS  AND  DISCUSSION 

INFLUENCE  OF  WEATHER 


The  suitability  of  mechanical  recording  equipment, 
when  used  to  study  animal  activity  is  often  questioned. 
Table  1  presents  the  results  of  three  different,  3 -hour 
observation  periods  spent  comparing  the  recorded  ED 
activity  with  the  observed.  These  observation  periods  were 
undertaken  to  determine  the  percentage  of  error  in  the 
recording  equipment.  It  is  apparent  that  99  percent  of 
the  ED  activity  observed  was  mechanically  recorded. 

I  assume  this  high  percentage  of  accuracy  occurred  through- 
out  the  entire  recording  period. 


Table  1.  A  comparison  of  purple  martin  ED 

activity  recorded  mechanically  and 
observational ly  over  3 -hour  periods 
in  1966 


Method  of  Date 

and  time 

of  recordings 

Total 

Percent 

recording 

efficiency 

July  13 

July  20 

July  27 

0445-0747 

0430-0730 

0430-0730 

hrs 

hrs 

hrs 

Observed  and 
mechanically 
recorded  377 

429 

441 

1247 

99 

Observed  but 
not  mechanically 
recorded  7 

2 

3 
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It  was  assumed  that  purple  martins  at  the  same  stage  in 
the  breeding  cycle  and  with  the  same  number  of  nestlings, 
would  react  similarly  to  specific  meteorological  conditions 
in  terms  of  activity  at  the  nest  entrance.  To  test  this 
assumption  the  activity  data  from  two  nests  were  compared 
(Fig. 4) .  The  figure  illustrates  activity  of  four  pairs 
of  martins,  two  of  which  express  ED  activity  from  nest 
completion  through  incubation,  the  other  two  pairs  through 
the  nestling  stage.  The  number  of  eggs,  nestlings  and 
weather  were  identical  for  each  set  of  two  pairs.  Using 
the  "Wilcoxon  Two-Sample  Test  for  the  Unpaired  Case" 
given  in  Alder  &  Roessler  (1964) ,  there  was  no  signi¬ 
ficant  difference  in  activity  between  members  of  pairs 
during  the  laying,  incubation  and  nestling  stages. 

I  assumed  that  activity  in  the  other  stages  would  be 
similarly  comparable. 

Purple  martins  feed  almost  exclusively  on  aerial 
insects.  These  are  caught  while  flying  between  100  and 
200  feet  above  ground,  (Beal, 1918;  Johnston, 1967) , 
however  food  may  be  taken  from  a  few  feet  to  over  500 
feet,  (Allen  and  Nice,  1952;  Johnston  and  Hardy, 1962)  . 

The  six  orders  of  insects  found  most  abundant  in  purple 
martin  gastro-intestinal  tracts  were  Hymenoptera, 

Diptera,  Hemiptera,  Coleoptera,  Lepidoptera  and  Odonata 
(Beal, 1918;  Johnston  1967  and  pers.  comm.).  The  first 
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four  of  these  orders  were  also  the  most  numerous  taken  by 
mechanical  samplers  during  studies  of  insect  aerial 
abundance  (Collins  and  Baker, 1934;  Hardy  and  Milne,  1938; 
McClure,  1938;  Glick,  1939;  Freeman,  1945;  Glick,  1957; 
Glick  and  Noble,  1961) .  In  view  of  the  numerous  reports 
of  weather  influencing  aerial  insect  numbers  as  reported 
in  the  introduction,  martins  are  probably  influenced  by 
the  weather  more  indirectly  than  directly. 

Recorded  ED  activity  was  used  for  comparison  with 
changing  meteorological  conditions  for  all  but  the 
nestling  stage.  For  this  latter  stage,  recorded  activity 
was  corrected  for  differences  in  brood  sizes  and  nestling 
ages.  An  "ideal"  feeding  curve  was  constructed  and  is 
shown  in  Figure  5.  It  was  assumed  that  all  young  in  a 
nest  were  the  age  of  the  oldest  sibling.  The  ED  activity 
for  each  of  the  five  nests,  containing  three  young  per  nest, 
was  compared  with  this  "ideal"  feeding  curve.  The 
numerical  difference  between  the  curve  and  the  actual 
ED  activity  for  each  nest  was  used  in  comparison  with 
weather  data.  ED  activity  recorded  after  nestlings  began 
begging  at  the  nest  entrance,  and  consequently  activating 
the  recorder  themselves,  were  not  used. 

On  certain  specific  days  during  the  breeding  cycle 
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ED  activity  was  not  used  for  comparison  with  weather 
conditions.  Data  from  the  day  prior  to  the  onset  of 
laying  was  not  used  since  Welty  (1962)  reported  that  in 
some  birds  the  egg  appears  in  the  oviduct  on  the  day 
prior  to  its  being  laid  and  consequently  I  suspected 
a  change  in  activity  patterns  may  occur  just  prior  to 
commencement  of  laying.  Nor  was  ED  activity  considered 
for  the  last  day  of  the  laying  stage  as  incubation  was 
initiated  at  this  time. 
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Rainfall 

Casual  observations  of  martins  during  rain  indicated 
they  remained  near  the  colony,  resting  on  adjacent  trees 
and  wires.  Table  2  demonstrates  that  activity  was  influenced 
by  periods  of  rainfall.  ED  activity  during  the  nest  building, 
nest  completion,  incubation  and  nestling  stages  was  reduced 
by  one  half  or  more  during  rain.  Activity  also  was  reduced 
somewhat  during  the  arrival  and  post-breeding  stages. 


Table  2.  Comparison  of  mean  ED  activity  with 
that  recorded  while  rain  fell  during 
the  different  stages  of  the  breeding 
cycle  of  purple  martins 


Stage  in 
breeding  cycle 

Mean  ED 
Throughout 
stage 

activity 

During 

rainfall 

Sample 

size 

during 

rainfall 

Arrival , 

nest-cavity  defence 
pair-bond  formation 

13.6 

11.4 

29 

Nest  building 

19.4 

10.6 

40 

Nest  completion 

14.9 

7.8 

7 

Laying 

CT> 

0 

O 

r-H 

14.2 

2 

Incubation 

9.3 

4.4 

10 

Nestling 

0  (departure 

from  "ideal")  -6.8  (refer 

opposite) 

10 

Post-breeding 
nest-cavity  defence 

11.2 
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Purple  martins  feed  on  aerial  arthropods  as 
mentioned  earlier0  Literature  reports  indicate  aerial 
insect  abundance  decreases  during  rainfall  (McClure,  1938; 
Freeman,  1945;  Lewis,  1950;  Minar,  1962)  o  I  assumed 
that  this  decrease  would  mean  purple  martins  would  spend 
greater  amounts  of  time  searching  for  food  and  hence  a 
decrease  in  ED  activity  would  result. 

The  ED  activity  during  the  laying  stage  appeared 
to  increase  during  rainfall  (Table  2)  .  I  have  no 
explanation  for  this  increase  except  that  there  was 
very  little  data  -  one  pair  on  two  separate  rainy  days. 
Purple  martins  will  return  to  nest  boxes  for 
shelter  during  prolonged  periods  of  rain,  even  after  all 
young  have  fledged.  On  August  11,  1966  rain  fell  over 
a  period  of  8  hours  during  the  day.  That  evening 
color-banded  martins,  which  had  not  been  seen  for  3  days, 
re-appeared,  entered  the  nest  cavities  and  remained 
there  for  the  night.  The  rain  had  ceased  by  the 
following  morning  and  the  martins  were  not  seen  at  the 
nest  boxes  again  that  season. 

The  reduction  of  activity  by  rainfall  as  noted 
above,  is  similar  to  that  reported  by  several  authors. 
Moreau  (1939)  noted  that  during  heavy  rain  there  was  a 
decrease  in  numbers  of  nestling  feedings  by  wire¬ 
tailed  swallows  (Hirundo  s.„  smithii)  .  Purchon  (1948) 
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showed  that  European  swallow  nestlings  (Hirundo  rustica) 
starved  in  rainy  weather.  Koskimies  (1950)  and  Lack 

and  Lack  (1951)  showed  a  negative  correlation  between 

duration  of  rain  and  the  number  of  trips  made  by  adults 

to  feed  nestlings.  Similarly  Otto  in  Allen  and  Nice 

(1952)  noted  the  rate  at  which  purple  martins  were 

feeding  nestlings  dropped  from  well  over  200  feedings 

per  hour  to  between  119  and  132  per  hour  during  light 

rain.  When  rain  ceased  the  following  hour,  trips 

increased  to  459  per  hour. 

An  examination  of  the  ED  activity  data  indicated 
that  if  the  rain  interval  lasted  3  or  more  hours,  the 
mean  morning  ED  activity  value  was  substantially  reduced. 
In  view  of  this  significant  influence,  I  discarded 
activity  measured  on  mornings  with  3  or  more  hours  of 
rainfall  when  considering  the  other  weather  factor 
comparisons  with  activity. 
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Temperature 

The  influence  of  the  temperature  near  the  ground 
upon  the  abundance  of  aerial  arthropods,  which  form 
the  major  food  of  purple  martins,  is  well  documented 
in  the  literature  (Pinchin  and  Anderson,  1936; 

Hardy  and  Milne,  1938;  McClure,  1938;  Glick,  1939,  1957; 
Freeman,  1945;  Wellington,  1945;  Lewis,  1950;  Glick 
and  Noble,  1961;  Williams,  1961;  Cloudsley  -  Thompson, 
1962;  Minar,  1962) »  Since  purple  martins  feed  on 
these  forms,  the  birds'  activity  should  indirectly  be 
influenced  by  temperature* 

Temperatures  taken  in  this  study  were  measured 
near  the  ground.  According  to  A.  Mann  (pers„  comm.) 
the  near  ground  temperature  may  be  as  much  as  5°F 
lower  than  at  500  feet,  on  a  clear,  calm  morning. 

The  difference  is  reduced  if  there  is  any  wind. 

Because  ED  activity  was  averaged  over  the  half¬ 
day,  mean  temperatures  were  similarly  computed.  The 
mean  ED  activity  and  mean  temperature  were  then  compared, 
as  shown  in  Table  3,  throughout  the  breeding  cycle. 
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Table  3.  The  relationship  between  purple 

martin  activity  at  the  nest  entrance 
and  temperature  during  the  major 
divisions  of  the  breeding  cycle 


Stage  of 
breeding  cycle 

Correlation 

coefficient 

Sample 

size 

Level  of 
significance 

Equation 
of  line 

5% 

1% 

Arrival , 

pair-bond  formation 

0.04802 

22 

0 

0 

Nest  building 

0.21113 

24 

0 

0 

Nest  completion 

0.70797 

16 

+ 

+ 

y  =..11.57 
+  0.539x 

Laying 

0.56751 

19 

+ 

0 

y  =  3.95 

+  0.126x 

Incubation 

0.16734 

23 

0 

0 

Nestling 

0.50800 

14 

0 

0 

Post-breeding 

-0.71014 

20 

— 

— 

y  =  34.17 

0.385x 

Significant  correlations  were  demonstrated  between  ED  activity 
and  temperature  during  the  nest  completion,  laying  and  post¬ 
breeding  stages.  I  suggest  that  the  significant  correlation 
shown  at  the  one  percent  level  for  activity  during  the  nest 
completion  stage  may  indicate  that  during  warm  weather 
martins  gathered  sufficient  food  in  a  short  time,  and  then 
were  free  to  defend  the  nest  cavity,  which  resulted  in 
increased  ED  activity.  In  cooler  weather  birds  would 
spend  more  time  gathering  food  and  ED  activity  associated 
with  nest  defence  would  decrease.  Similar  conditions 
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would  explain  the  significant  correlation  at  the  five 
percent  level  during  the  laying  stage. 

The  post-breeding  stage  showed  a  negative 
correlation  with  temperature.  During  this  post-breeding 
stage,  martins  may  be  influenced  by  two  opposing 
physiological  drives:  1)  hyperphagia  in  association 
with  Zugenruhe,  and  2)  territoriality  in  response  to 
fall  recrudescence  of  the  gonads.  During  warm  weather 
martins  may  respond  to  the  drive  to  feed  and  thus  desert 
the  colony,  whereas,  during  cooler  weather,  when  food 
is  less  plentiful  the  birds  may  spend  a  maximum  amount 
of  time  defending  future  nest  sites.  Table  4  illustrates 
the  reduction  of  ED  activity  as  the  mean  temperature 
rose.  There  was  about  a  one-third  decrease  in  ED  activity 
above  59°F. 
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Table  4.  Influence  of  temperature  upon 

ED  activity  in  the  post-breeding 
nest-cavity  defence  stage  of  the 
purple  martin  breeding  cycle 


Temp.  Mean  ED  Sample 

°F •  activity  size 


50-54 

13.5 

18 

55-59 

14.3 

25 

60-64 

9.4 

27 

65-69 

8.0 

18 

70-75 

5.9 

4 

Mean  throughout 

stage  11.2 


The  arrival,  nest  defence,  pair-bond  formation  stage 
did  not  show  a  significant  correlation  with  temperature. 
However  on  the  one  day  with  a  very  low  mean  temperature 
of  37°F,  the  mean  ED  activity  was  7.8,  well  below  the 
overall  mean  of  13.8  for  this  stage  (Table  5.) 
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Table  5.  Influence  of  temperature  upon 
ED  activity  in  the  arrival, 
nest  defence,  pair-bond  formation 
stage  of  the  purple  martin 
breeding  cycle 


Temp, 

,°F 

Mean  ED 
activity 

Sample 

size 

1966  35-39 

7,8 

7 

40-45 

14,4 

26 

46-50 

17,1 

25 

51-55 

14,1 

37 

56-60 

11,4 

19 

61-65 

11,8 

8 

66-70 

16.4 

9 

Mean  throughout 

stage 

13,6 

The  ED  activity  during  the  nestling  stage  did  not 
show  a  significant  correlation  with  temperature  (Table  3.) 
However  during  the  4  days  on  which  the  temperature  fell 
below  55°f,  ED  activity  was  below  normal «  On  July  21, 
1966,  the  mean  temperature  was  50°F,  and  the  activity 
was  9,6  points  below  a  calculated  normal,  I  postulate 
that  if  additional  activity  data  were  collected  at  these 
lower  temperatures,  a  correlation  could  be  demonstrated. 
During  this  stage  adults  attempt  to  carry  a  certain 
amount  of  food  to  the  brood.  If  food  is  abundant,  demands 
of  the  nestlings  will  be  met.  If  not,  then  trips  to 
the  nest  will  decrease. 

These  results  compare  favourably  with  those 
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reported  in  the  literature-  Jacobs  (1903)  stated 
several  martins  will  crowd  into  one  nest  during  cold 
weather,  presumably  to  conserve  heat.  Koskimies  (1950) 
showed  that  the  time  of  departure  from  the  nest  in  the 
morning  by  European  swifts  (Apus  apus)  is  dependent 
on  temperature.  Paynter  (1954)  reported  that  cold 
days  inhibited  the  nest  building  of  tree  swallows 
( Iridoprocne  bicolor) . 

Since  there  appears  to  be  some  indirect  influence 
by  temperature  upon  martin  ED  activity,  I  wondered  if 
there  would  be  a  correlation  between  monthly  mean 
temperatures  and  different  stages  in  the  breeding  cycle 
at  the  northern  limits  of  the  breeding  range.  Table  6 
illustrates  the  temperature  means  for  the  Edmonton 
area.  The  May  temperatures  are  below  the  55°f  threshold 
value  at  which  the  aerial  abundance  of  insects  is 
significantly  decreased  (Glick,  1939) .  These  May 
temperatures  are  also  near  the  lower  end  of  a  "zone 
of  transition"  between  50°F  and  58°F  below  which  insect 
activity  decreased  (Wellington,  1945) .  In  June  the 
temperatures  in  Table  6  are  above  the  55°F  threshold 
and  within  the  upper  limits  of  the  "zone  of  transition". 
Enough  food  is  probably  available  in  the  latter  month 
to  allow  martins  to  participate  in  nest  building, 
laying  and  incubation.  Later,  during  July,  the  mean 
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Table  6.  Mean  temperatures  over  many  years 
at  Edmonton  and  in  the  rural 
surroundings  for  the  months  of 
May  to  August  inclusive 


Month 

Temperature 

Edmonton  Rural 

May 

52 . 1°F 

50  o  9°F 

June 

57 . 8°F 

56 . 4°F 

July 

63 . l°p 

61. 6°f 

August 

60°F 

58 . 6°F 

temperatures  are  at  levels  sufficiently  high  to  assure 
that  aerial  insects  will  be  abundant*  Martins  hatch 
in  July  and  presumably  encounter  the  greatest  number  of 
aerial  insects  at  this  time.  Therefore,  insect  abundance 
probably  does  not  limit  this  bird  at  the  northern  edge 
of  its  breeding  range. 
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Sky  Opacity 

Sky  opacity  as  used  in  this  study  is  a  measure 
of  the  available  light.  It  is  the  amount  of  the 
celestial  dome  which  is  covered  by  cloud  through  which 
blue  sky  is  not  visible.  A  high  numerical  sky  opacity 
value  means  an  overcast  sky,  whereas  a  low  numerical 
value  is  registered  on  a  clear  day.  The  use  of  cloud 
cover,  usually  considered  in  other  animal  studies, 
does  not  take  into  account  the  amount  of  actual  sun¬ 
light  penetrating  through  clouds,  particularly  if  the 
clouds  are  of  the  cirrus  variety. 

Sky  opacity  values  were  taken  periodically  at 
Elk  Island  National  Park  in  1966  and  compared  with 
those  readings  from  the  International  Airport. 
Conditions  were  almost  identical  except  when  a  weather 
front  was  passing.  At  this  time  cloud  cover  changed 
about  an  hour  earlier  at  the  airport  since  weather 
systems  generally  move  from  west  to  east  in  this  area. 

Insects  are  stimulated  to  increased  activity  as 
light  intensity  increases  up  to  a  certain  level  of 
intensity  as  reported  by  a  number  of  workers  (McClure, 
1938;  Hardy  and  Milne,  1938;  Glick,  1939;  Barr  et  al, 
1960;  Minar,  1962;  Maslov,  1964).  Taylor ,( 1963 ) 
claimed  that  once  an  optimum  level  of  light  intensity 
was  reached,  temperature  became  the  primary  factor 
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influencing  insect  activity. 

I  presume  purple  martins  hunt  more  efficiently 
in  bright  sunlight  that  in  complete  overcast  since 
insects  would  be  more  abundant  and  possibly  more  visible 
to  the  bird. 

In  this  study  sky  opacity  was  compared  with  ED 
activity.  Table  7  illustrates  the  coefficients  and 
levels  of  significance.  Significant  negative  correla¬ 
tion  coefficients  were  found  for  the  incubation  and 
nestling  stages. 


Table  7.  The  relationship  between  purple 
martin  activity  at  the  nest 
entrance  and  sky  opacity  during 
the  major  divisions  of  the 
breeding  cycle 


Stage  of 
breeding  cycle 

Correlation 

coefficient 

Sample 

size 

Level  of 
significance 
5%  1% 

Equation 
of  line 

Arrival,  pair¬ 
bond  formation 

-0.19055 

28 

0 

0 

Nest  building 

0.11299 

33 

0 

0 

Nest  completion 

-0.31946 

19 

0 

0 

Egg  laying 

-0.36779 

30 

0 

0 

Incubation 

-0.52443 

39 

— 

y  = 

12.23 
-  0.431  x 

Nestling 

-0.47524 

19 

— 

0  y  = 

1.87 

-  0.589  x 

Post -breeding 

0.22799 

27 

0 

0 
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During  incubation,  on  bright,  clear  days  I  postulate 
that  males  can  feed  efficiently  and  hence  have  more  time 
to  defend  the  nest,  resulting  in  an  increased  ED  activity. 
During  dull  days  there  is  less  food  and  visibility  is 
reduced,  hence  less  nest  defence  activity. 

On  clear  to  partly  cloudy  days  ED  activity  in¬ 
creased  during  the  nestling  stage.  As  mentioned  above 
there  would  be  more  aerial  insects  during  these  clear  days 
and  consequently  adults  would  locate  food  more  easily, 
feeding  nestlings  oftener.  The  opposite  would  occur  on 
overcast  days.  In  addition  dull  days  are  usually 
cooler  and  hence  females  may  possibly  spend  more  time 
brooding  young,  reducing  ED  activity. 

Light  intensity  appeared  not  to  have  as  great  an 
influence  upon  ED  activity  in  the  other  five  stages. 
However  during  the  post-breeding  stage,  on  dull  days 
there  was  a  substantial  increase  in  activity,  but  in¬ 
sufficient  data  to  produce  a  possible  correlation.  The 
increase  of  ED  activity  on  dull  days  may  be  explained  by 
the  same  reasoning  as  given  for  an  increase  of  activity 
during  this  stage  as  the  temperature  fell;  that  is, 
sunny  days  stimulate  martins  to  feed,  and  overcast 
skies  stimulate  them  to  defend  future  nest  sites. 

The  significant  correlations  of  ED  activity  with 
sky  opacity  are  possibly  co-incidental,  since  rain  and/ 
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or  low  temperatures  usually  occur  on  very  dull  days. 

Results  obtained  from  this  study  compare  favour¬ 
ably  to  published  reports.  In  Swifts  (Apus  apus) 
feeding  activity  increases  on  clear  days  and  decreases 
on  dull  days  (Lack  and  Lack,  1951) . 

The  Esterline  Angus  records  showed  that  purple 
martins  left  the  nest  in  the  morning  during  the  period 
of  civil  twilight.  On  clear  days  they  departed  earlier 
than  on  dull  days.  This  agrees  with  reports  of  other 
workers  who  state  that  the  commencement  of  morning 
bird  activity  is  positively  related  to  light  intensity 
(Elliot, 1932;  Will iams , 1941 ;  Nice, 1943;  Nice  and  Thomas, 
1948;  Palmgren , 1949;  Brauner , 1952 ;  Scheer,1952; 

Armstrong , 1955 ;  Groebbels , 1956 ;  Weise,1956; 

Leopold  and  Eyon,1961;  Davis, 1963;  Schoennagel , 1963 ) . 
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Wind  Velocity 

Wind  velocities  are  important  in  aerial  insect 
abundance.  Insect  aerial  numbers  are  decreased  during 
periods  when  wind  velocity  exceeds  6  mph,  and  parti¬ 
cularly  above  10  mph  (Lewis, 1950;  Glick, 1955 , 1957 ; 

Williams , 1961 ;  Cloudsley-Thompson , 1962) .  The  greatest 
number  of  insects  were  collected  by  mechanical  samplers 
in  the  atmosphere,  during  days  in  which  wind  speeds 
were  between  5  and  6  mph  (Glick, 1939 , 1942 ;  Freeman, 1945) . 

In  this  study  wind  velocity  was  compared  with 
ED  activity.  Table  8  illustrates  the  coefficients  of 
correlation  and  levels  of  significance  obtained. 
Significant  correlations  were  found  during  the  nest 
completion  and  nestling  stages.  I  presume  that  during 
these  two  stages  high  wind  velocities  increase  the 
hunting  time  needed  by  martins  to  obtain  food.  During  the 
nest-completion  stage  the  amount  of  available  time  to 
defend  the  nest  would  be  reduced,  thus  reducing  the 
ED  activity.  Similarly,  during  the  nestling  stage, 
the  number  of  feeding  trips  to  the  nest  would  decrease 
in  high  winds,  reducing  the  ED  activity. 
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Table  8.  The  relationship  between  purple 
martin  activity  at  the  nest 
entrance  and  wind  velocity 
during  the  major  divisions  of 
the  breeding  cycle 


Stage  of 
breeding  cycle 

Correlation 

coefficient 

Sample 

size 

Level  of 
significance 
5%  1% 

Equation 
of  line 

Arrival,  pair¬ 
bond  formation 

0.17091 

13 

0 

0 

Nest  building 

0.17056 

15 

0 

0 

Nest  completion 

-0.58854 

12 

— 

0  y 

=  19.97 
-0.569x 

Laying 

0.31648 

14 

0 

0 

Incubation 

-0.44743 

15 

0 

0 

Nestling 

-0.63362 

12 

— 

o  y 

=  1.92 

-0.487x 

Post -breeding 

-0.42491 

12 

0 

0 

Figure  6  illustrates  the  rapid  decrease  in  activity 
as  wind  velocity  increases  during  the  nestling  stage.  It 
is  apparent  that  wind  velocities  below  6  mph  do  not  appear 


to  influence  activity.  As  wind  velocities  increased  to 
10  mph  activity  values  rapidly  decreased.  The  one  high 
wind  velocity,  16  mph,  substantially  decreased  activity. 
These  results  compare  favourably  with  those  reported  by 
Lack  and  Lack  (1951)  in  their  study  of  swifts. 

Activity  during  the  incubation  stage  was  not 
significantly  influenced  by  wind.  However  the  few  days 
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Figure  6.  Wind  velocity  plotted  against  purple 

martin  ED  activity  during  the  nestling 
stage . 

The  points  "+"  represent  departure  values 
of  activity  from  the  "ideal"  feeding  curve 
under  different  wind  velocities. 

The  numbers  2,  3,  4,  5,  6  represent  the 
number  of  pairs  at  a  particular  wind 
velocity  on  a  particular  day. 
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in  which  wind  velocities  exceeded  13  mph  there  was  a 
noticeably  decrease  in  activity,  suggesting  that  if 
more  data  were  available  a  correlation  might  be 
demonstrated . 

Scheer  (1952)  and  van  der  Baan  (1954)  reported 
that  wind  decreases  bird  activity,  which  agrees  with 
the  results  reported  above. 
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Relative  Humidity 

Very  little  information  is  available  on  the 
influence  of  humidity  upon  the  activity  of  aerial 
insects.  Lewis  (1950)  has  summarized  the  literature. 
Glick  (1939,  1942,  1955)  found  the  number  of  insects 
in  the  upper  air  to  show  no  relationship  to  relative 
humidity,  whereas  Hardy  and  Milne  (1938)  and  Freeman 
(1945)  indicated  some  correlation. 

Little  mention  is  made  of  relative  humidity  in 
the  ornithological  literature.  A  few  workers  noted 
a  weak  positive  or  negative  correlation  between 
relative  humidity  and  bird  activity  ( Elliot , 1932 ; 
Palmgren , 1935 ;  Armstrong , 1955 ;  Leopold  and  Eyon,1961; 
Prince  £t  al,  1965;  and  Verner,  1965). 

Data  were  analyzed  for  the  relationship  between 
ED  activity  and  relative  humidity.  The  correlation 
coefficients  and  their  level  of  significance  are 
presented  in  Table  9.  It  is  apparent  that  the  only 
significant  correlation  was  during  the  nestling  stage 
and  that  it  was  negative.  It  was  noted  that  high 
relative  humidity  values  usually  occurred  on  over¬ 
cast  days  which  often  had  some  rain,  whereas  low 
humidity  occurred  on  fair  weather  days.  During  the 
nestling  stage  the  adults  must  feed  both  themselves 
and  their  young.  Consequently,  days  with  high 
relative  humidity  which  usually  reflected  weather  con- 
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ditions  when  insect  numbers  were  reduced,  tended  to 
result  in  decreased  ED  activity* 


Table  9.  The  relationship  between  purple 
martin  activity  at  the  nest 
entrance  and  relative  humidity 
during  the  major  divisions  of 
the  breeding  cycle 


Stage  of 
breeding  cycle 

Correlation 

coefficient 

Sample 

size 

Level  of 
signif icance 
5%  1% 

Equation 
of  line 

Arrival,  pair¬ 
bond  formation 

-0.12746 

21 

0 

0 

Nest  building 

-0.24474 

31 

0 

0 

Nest  completion 

-0.18922 

21 

0 

0 

Laying 

-0.23559 

21 

0 

0 

Incubation 

-0.21614 

31 

0 

0 

Nestling 

-0.59897 

12 

— 

0  y  = 

13.14 
-0. 226x 

Post -breeding 

-0.05533 

19 

0 

0 

The  mean  relative  humidity  during  the  nestling  stage 
ranged  from  55  to  73  per  cent*  Hardy  and  Milne  (1938) 

i 

reported  aerial  insect  numbers  decreased  as  the  humidity 
rose  from  37  to  73  per  cent*  Freeman  (1945)  found  a 
similar  reduction  in  insect  numbers  between  65  and 
73  percent.  Relative  humidity  rises  as  temperature  de¬ 
creases  (if  the  water  content  of  the  air  remains  constant). 
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The  mornings  with  high  relative  humidity  usually  co¬ 
incided  with  cool  temperatures  and  consequently  the 
relative  humidity  influence  upon  martins  may  only  be 
coincidental  and  not  causal . 

Upon  examining  data  throughout  each  of  the  other 
breeding  cycle  stages,  it  was  found  that  incubation 
activity  was  the  only  one  with  any  possible  relationship 
to  relative  humidity,,  ED  activity  in  this  stage  showed 
a  negative  correlation  above  65 %  but  none  below  this 
level.  The  temperature-relative  humidity  relationship 
may  be  showing  up  at  these  higher  humidity  values 
in  this  stage. 
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Barometric  Pressure 

Literature  references  on  the  influence  of 
barometric  pressure  upon  insect  activity  are  not 
numerous,,  Entomologists  generally  agree  that  a  change 
in  barometric  pressure  affects  insect  activity  parti¬ 
cularly  falling  pressure  which  stimulates  greater 
flight  activity  (Glick,  1939 j;  1942;  Wellington,  1945; 
Lewis,  1950;  Dethier,  1957;  Edwards,  1961) „  Some 
of  these  authors  noted  a  relationship  between  baro¬ 
metric  pressure  per  se  and  insect  activity  (Glick, 
1939;  Lewis, 1950;  Edwards , 1961) ,  whereas  other 
workers  report  no  influence  (Hardy  and  Milne,  1938) „ 

Since  pressure  changes  appeared  to  influence 
flying  insects  of  several  species,  calculations  were 
made  to  determine  whether  a  relationship  existed  be¬ 
tween  pressure  change  and  martin  activity,,  A  list 
of  the  calculated  correlation  coefficients  is 
presented  in  Table  10 „  Additional  analyses  were 
made  to  determine  whether  correlation  existed  be¬ 
tween  activity  and  barometric  pressure  per  se.  No 
significant  correlation  between  barometric  pressure 
per  se  and  ED  activity  during  any  of  the  stages  in  the 
breeding  cycle  was  found.  However,  correlation  co¬ 
efficients  were  significant  at  the  one  per  cent  level 
between  pressure  change  and  ED  activity  in  two  breed- 
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ing  cycle  stages s  laying  and  falling  pressure; 
nestling  and  rising  pressure. 

In  view  of  the  reports  in  the  literature  that 
falling  pressure  results  in  an  increased  number  of 
aerial  insects,  it  was  surprising  that  ED  activity 
in  only  one  stage  -  laying,  showed  a  significant 
correlation.  Professor  Longley  of  the  Department  of 
Geography,  University  of  Alberta,  informed  me  that 
Edmonton's  proximity  to  the  mountains  results  in 
irregular  weather  systems.  Typically,  falling  pressure 
should  indicate  cloud,  wind  and  rain,  all  indirectly 
influencing  martin  activity.  This  situation  does 
occur  if  the  low  pressure  system  develops  with  east 
winds  to  the  south  over  Red  Deer,  However,  if  the 
system  develops  to  the  north  around  Lesser  Slave  Lake, 
accompanying  west  winds  bring  clear  skies,  I  assume 
that  since  data  were  collected  throughout  the  season, 
these  opposing  weather  conditions  would  counteract 
each  other  with  a  resultant  lack  of  correlation  be¬ 
tween  falling  pressure  and  ED  activity.  Correlation 
between  laying  activity  and  falling  pressure  may  be 
explained  by  probable  similar  weather  conditions 
existing  on  the  seven  days  in  which  activity  was 
measured  when  pressure  was  falling. 
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A  correlation  was  shown  only  between  rising  pressure 
and  ED  activity  during  the  nestling  stage.  Parman  in 
Click  (1939)  and  Click  (1942)  both  stated  swarming  of 
some  insects  occurred  during  a  rising  pressure.  A 
rising  pressure  at  Edmonton ,  according  to  Professor 
Longley,  generally  indicates  the  passage  of  a  low 
pressure  system  through  the  Edmonton  region  moving 
east  and  accompanied  by  strong  northwest  winds,  cooler 
air  and  cloudy  days,  all  indirectly  influencing  martin 
activity.  The  staff  at  the  Department  of  Transport 
meteorology  regional  office  at  Edmonton  stated  that  a 
rising  pressure  at  this  locality  generally  was 
accompanied  by  strong  winds.  As  noted  earlier  strong 
winds  reduced  insect  aerial  numbers  and  therefore 
would  explain  the  negative  correlation  between  ED 
activity  during  the  nestling  stage  and  rising 
pressure. 
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Multiple  Weather  Factors 

Following  a  consideration  of  the  influence  of 
each  of  the  meteorological  factors  acting  separately 
upon  purple  martin  ED  activity,  I  considered  it 
desirable  to  examine  the  influence  of  combinations  of 
these  weather  factors,  upon  ED  activity.  The  method 
of  analysis  was  described  in  Hardy  and  Milne  (1938), 
but  expanded  to  include  three,  and  later  four,  meteor¬ 
ological  factors  acting  in  combination.  In  the 
analysis  I  considered  temperature,  wind  velocity,  sky 
opacity,  relative  humidity  and  barometric  pressure 
per  se.  Pressure  change  influence  was  not  studied 
because  of  insufficient  data.  Polygon  figures  used 
in  the  analysis  are  included  in  Appendices  VI  -  XVIII. 

Barometric  pressure  per  se  when  combined 
separately  with  each  of  the  other  weather  factors, 
appeared  to  have  little  or  no  influence  upon  ED 
activity  in  the  nestling  stage  (Appendix  VI) .  Be¬ 
cause  of  this  fact,  barometric  pressure  was  not  con¬ 
sidered  further  in  the  multiple  analyses. 

Results  of  an  examination  of  the  influence  of 
paired  meteorological  factors  upon  purple  martin  ED 
activity  are  shown  in  Tables  11  and  12.  The  numbers 
in  Table  11  represent  the  differences  between  maxi¬ 
mum  and  minimum  corner  values  of  the  polygons  shown 
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Table  11.  The  relationship  between  purple  martin  ED  activity  during  the 
separate  divisions  of  the  breeding  cycle  and  meteorological 
factors  taken  in  combinations  of  two 
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in  Appendices  VII  -  XII ,  These  values  are  considered 
as  an  expression  of  the  influence  of  the  particular 
pair  of  meteorological  factors,  when  acting  in  combin¬ 
ation,  upon  ED  activity  during  that  stage  of  the 
breeding  cycle  under  consideration,.  Means  of  these 
numerical  values  were  computed  for  ED  activity  in 
each  stage.  The  ranked  means  indicate  the  relative 
order  in  which  stages  in  the  breeding  cycle  are  in¬ 
fluenced  by  weather o  Table  11  shows  that  ED  activity 
during  the  nest  completion  and  post-breeding  stages 
were  influenced  the  most,  whereas  arrival,  laying  and 
incubation  were  affected  the  least. 

To  determine  which  pair  of  factors  had  the  most 
influence  upon  activity,  a  mean  was  calculated  for 
each  pair  of  meteorological  factors  (Table  11) ,  It 
is  apparent  that  temperature  and  sky  opacity  had  the 
most  influence  with  the  other  factors  somewhat  less 
so. 

Another  method  of  analysing  the  paired  factor 
influence  upon  activity  is  shown  in  Table  12, 

Numbers  represent  the  difference  between  summed  values 
on  opposite  sides  of  a  polygon.  Means  of  these 
differences  were  calculated  for  each  stage  in  the 
breeding  cycle  and  then  ranked  as  shown.  As  is  apparent 
the  same  general  order  of  influence  is  shown  in  Table 
12  as  was  seen  in  Table  11s  ED  activity  during  the 
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nest  completion  and  post-breeding  stages  was  influenced 
most;  the  laying,  incubation  and  arrival  stages  were 
affected  the  least. 

The  data  presented  in  Table  12  were  used  to 
determine  which  factor  was  most  influential  upon 
activity.  Means  for  each  factor  were  calculated  and 
then  totalled  as  shown.  Sky  opacity  is  shown  to  have 
the  most  influence  upon  ED  activity  and  relative 
humidity  the  least. 

After  considering  the  influence  of  two  meteoro¬ 
logical  factors,  acting  in  combination,  upon  purple 
martin  ED  activity,  three  factors  in  combination  were 
examined.  Since  temperature,  sky  opacity  and  wind 
velocity  appeared  to  have  the  most  influence  upon 
activity,  these  three  factors  were  combined  together 
into  a  series  of  polygons  as  shown  in  Appendices 
XIII  and  XIV.  The  results  of  an  analysis  are  shown 
in  Tables  13  and  14.  Data  were  treated  similarly  to 
those  in  Tables  11  and  12.  It  is  apparent  that  when 
three  factors  are  acting  in  combination,  activity 
during  the  nest  completion  stage  was  influenced  much 
more  than  during  the  other  stages.  The  influence 
on  the  latter  appeared  to  be  about  equal. 
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Table  13. 

The  relationship  between  purple  martin 
activity  at  the  nest  entrance  during 
separate  divisions  of  the  breeding 
cycle  and  meteorological  factors 
taken  in  combinations  of  three  includ¬ 
ing  temperature,  sky  opacity  and 
wind  velocity 

Stage  in 
breeding  cycle 

Differences  between  the  Rank 

highest  and  lowest  values 
shown  at  the  corners  of 
each  set  of  polygon  figures 

Nest  completion 

14.2  1 

Post -breeding 

9.4  2 

Nest  building 

7.7  3 

Arrival  etc. 

7.6  4 

Nestling 

7.0  5 

Laying 

6.1  6 

Incubation 

5.8  7 
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Table  14 .  A  second  method  of  analyses  of  the 
relationship  between  purple  martin 
activity  at  the  nest  entrance  during 
separate  divisions  of  the  breeding 
cycle  and  meteorological  factors  taken 
in  combinations  of  three  including 
temperature,  sky  opacity  and  wind 
velocity 


Stage  in 
breeding  cycle 

Differences  between  the  sum 
of  the  highest  values  and  the 
sum  of  the  lowest  values  for 
each  of  the  weather  factors  in 
each  set  of  polygon  figures 

Rank 

Nest  completion 

15  „  2 

1 

Nestling 

8.4 

2 

Post -breeding 

7.7 

3 

Laying 

6.2 

4 

Incubation 

5.6 

5 

Arrival  etc. 

4.6 

6 

Nest  building 

1.6 

7 

There  was  insufficient  data  to  justify  the  compli¬ 
cated  polygon  analyses  needed  to  consider  four  factors 
in  combination  and  therefore  I  did  not  prepare  a  table 
as  for  two  and  three  factors,.  However  polygon  figures 
were  prepared  for  some  of  the  breeding  cycle  stages  to 
determine  whether  there  was  some  influence  of  four 
factors  in  combination  acting  upon  ED  activity,.  An 
inspection  of  these  figures  as  shown  in  Appendices  XV  - 
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XVIII  indicated  that  days  with  low  temperature,  high 
sky  opacity,  wind  velocity  above  6,5  mph  and  high 
relative  humidity  resulted  in  the  least  ED  activity. 

Most  ED  activity  occurred  when  there  was  low  sky  opacity, 
wind  velocity  below  6,5  mph,  relatively  high  tempera¬ 
ture  and  low  humidity, 

A  review  of  Tables  11,  12,  13  and  14  indicated 
that  meteorological  factors  acting  in  combination  had 
the  greatest  influence  upon  ED  activity  during  the  nest 
completion  stage.  This  stage  is  one  of  transition  be¬ 
tween  nest  building  and  laying.  The  drive  to  carry 
nesting  material  has  been  satisfied  but  as  yet  the 
cavity  contains  no  eggs  or  young,  I  presume  that 
during  clear,  warm,  calm  weather  sufficient  food  may 
be  gathered  in  short  order,  leaving  time  for  nest  de¬ 
fence  and  a  resultant  increased  ED  activity.  During 
dull,  cool  windy  weather,  martins  spend  relatively  more 
time  hawking  insects  which  results  in  less  time  spent 
defending  the  nest  site  and  a  consequent  reduction  in 
ED  activity, 

ED  activity  during  the  post-breeding  stage  was 
second  in  the  order  of  multiple  factor  influence.  The 
polygon  figures  for  activity  in  this  stage  show  that 
high  ED  activity  usually  occurred  on  days  when  the 
temperature  was  low,  the  sky  was  overcast  and  the  wind 
velocity  was  high,  as  opposed  to  lower  activity  under 
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opposite  conditions.  As  discussed  earlier  martins  in 
this  stage  may  be  affected  by  two  physiological  drives 
acting  at  the  same  time:  feeding  in  preparation  for 
migration  and  defending  a  future  nest  site  in  response 
to  the  stimulus  of  fall  gonadal  recrudescence.  On  days 
of  "fair"  weather  birds  are  stimulated  to  feed;  whereas 
on  "poor"  days  birds  defend  the  nest  site. 

Activity  during  the  nestling  stage  was  influenced 
by  weather  factors  acting  in  combination.  During  this 
stage,  I  presume  parental  birds  have  a  greater  potential 
for  a  negative  energy  balance  than  at  any  other  stage 
since  they  not  only  must  feed  themselves,  but  also 
nestlings.  Warm,  clear,  calm  days  would  result  in 
abundant  aerial  insects  (Hardy  and  Milne,  1938; 

Glick,  1939) ,  with  an  increased  rate  of  nestling  feed¬ 
ing.  On  cool,  dull,  windy  days  insects  are  less 
numerous,  consequently  reducing  the  rate  of  feeding 
nestlings . 

ED  activity  in  the  incubation  stage  was  not  in¬ 
fluenced  significantly  by  multiple  weather  factors. 

I  assume  this  is  so  because  of  the  establishment  of  a 
regular  pattern  of  sessions  and  recesses  during 
incubation  (Skutch,  1962) .  If  embroyo  development  is 
to  proceed,  the  eggs  must  be  kept  warm.  It  is  only 
during  extremely  inclement  weather,  when  adults  are 
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forced  into  a  prolonged  search  for  food,  that  this 
session-recess  pattern  changes.  In  1965  during  three 
days  of  rain  accompanied  by  cool  temperatures,  some 
incubating  females  left  the  nest  for  long  periods  of 
time,  presumably  in  search  of  food.  While  they  were 
away,  English  sparrows  (Passer  domesticus)  entered  the 
nests  and  destroyed  some  clutches. 

ED  activity  during  the  arrival,  nest  defence,  pair¬ 
bond  formation  stage  was  not  influenced  greatly  by 
multiple  weather  factors.  I  postulate  that  during  this 
stage  the  drive  to  locate  and  then  defend  and  retain  a 
nest  cavity  over-rides  the  influence  of  weather  (barring 
extremes) .  Of  the  four  male  martins  I  had  collected  in 
the  spring,  each  had  a  thick  layer  of  fat  which  pre¬ 
sumably  could  be  utilized  as  a  reserve  energy  supply. 

They  would  consequently  not  need  to  spend  time  feeding 
while  they  searched  for  and  later  defended  a  cavity. 

Temperature  and  sky  opacity  are  the  most  influential 
weather  factors  acting  upon  ED  activity,  as  shown  in 
Tables  12  and  13  and  the  polygon  figures  in  the  Appendices. 
Temperatures  below  53°F  substantially  reduced  activity. 
Martin  ED  activity  on  a  day  with  clear  to  a  half-over- 
cast  sky  was  usually  greater  than  on  a  completely  over¬ 
cast  day.  Wind  velocity  was  third  in  the  order  of  in- 
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fluence0  An  examination  of  the  polygon  figures  in  the 
Appendices  indicates  a  wind  velocity  above  6.5  mph  usually 
caused  a  reduction  of  ED  activity.  Relative  humidity  was 
last  in  order  of  influence  upon  ED  activity.  Values  of 
relative  humidity  above  about  63  percent  appeared  to 
cause  a  slight  reduction  of  ED  activity.  As  mentioned 
earlier,  higher  relative  humidities  usually  occurred 
on  overcast,  cool  days  and  after  some  rain  -  all 
conditions  which  reduce  ED  activity. 
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REPRODUCTIVE  CYCLE  AND  PRODUCTIVITY 

The  reproductive  cycle  in  purple  martins  extends 
from  the  time  birds  first  arrive  in  the  spring  until  they 
depart  in  the  fall.  This  period  can  be  subdivided  into 
seven  stages.  This  subdivision  was  made  on  the  basis 
of  observations  of  activity  at  the  nest  boxes  together 
with  ED  activity  recorded  by  an  Esterline  Angus  recorder. 

Male  purple  martins  may  be  separated  into  two 
age  categories;  those  in  adult  plumage  (Black  in 
color) ,  and  those  in  first  nuptial  plumage  (similar 
to  females,  brown  in  color)  (Bent,  1942).  Males  in 
adult  plumage  will  henceforth  be  called  "adults"  and 
males  in  first  nuptial  plumage  will  be  called 
"yearlings".  Both  are  sexually  mature. 
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Arrival,  Nest-Cavity  Defence  and  Pair-Bond  Formation 

The  first  stage  in  the  breeding  cycle  of  purple 
martins  was  arbitrarily  taken  from  the  time  of  first 
defence  of  the  nest  cavity  until  nest  building  began. 

This  stage  is  equivalent  to  the  first  three  stages  des¬ 
cribed  by  Allen  and  Nice  (1952).  I  was  unable  to  use 
their  subdivision  because  of  insufficient  observational 
data  o 

Martins  begin  arriving  at  Edmonton  in  mid-April. 

The  mean  first  arrival  date  over  a  17-year  period  (1948- 
1965)  was  April  23  (M.  Fisher  pers.  com.).  By  May  20 
most  adult  birds  have  returned.  Yearling  males  begin 
arriving  in  late  May  and  are  generally  quite  abundant 
by  early  June.  The  first  yearling  males  were  noted 
May  26,  1965  and  May  25,  1966,  at  the  experimental  sites. 

The  level  of  ED  activity  is  quite  high  at  a 
martin  colony  during  the  first  stage  (Fig.  2,  A  and  B) . 
Males  are  continually  entering  and  leaving  the  nest 
cavity,  while  defending  it  against  other  males  and 
attempting  to  attract  females  (Gaunt, 1959;  Johnson  and 
Hardy, 1962).  ED  activity  was  generally  greater  in  the 
morning  than  in  the  afternoon,  given  optimum  weather 
conditions  (Fig.  2,  A  and  B) „  The  reduced  ED  activity 
on  June  8  presumably  was  caused  by  a  relatively  high 
mean  wind  velocity  of  10  mph  for  the  day,  whereas  on 
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June  9  the  mean  wind  velocity  was  5  mph,  and  on 
June  11,  8  mph,  other  weather  conditions  were  relatively 
the  same  on  all  3  days.  June  10  was  not  used  because 
of  6  hours  of  rain  in  the  morning  and  3  hours  in  the 
afternoon  which  substantially  reduced  ED  activity. 

The  reduced  activity  shown  in  Figure  2,  B,  on  June  20 
and  June  22  was  presumably  the  result  of  a  general 
reduction  in  nest  defence  activity  in  the  colony  since 
most  pairs  were  incubating  by  this  time. 

Based  on  the  data  for  21  pairs,  the  first  stage 
in  the  breeding  cycle  lasted  6.5  -  7.1  days  with  a 
range  of  less  than  one  day  to  30  days.  In  1966  birds 
that  arrived  before  May  25  took  a  mean  of  5.4  days, 
whereas  later  arrivals  spent  a  mean  time  of  2.0  days 
in  this  stage.  The  pair  that  spent  30  days  in  this 
stage  was  the  first  to  arrive  at  the  colony  in  1965. 

After  the  first  day,  April  28,  they  remained  associated 
with  one  cavity  and  were  apparently  mated.  They  did  not 
begin  building  a  nest  until  6  of  the  8  pair  in  the  colony 
had  arrived  and  three  other  pair  had  begun  nest  building. 
This  pair  began  laying  about  the  same  time  as  did  the 
others . 

A  typical  ED  activity  pattern  for  this  first  stage, 
but  condensed  into  a  4-day  interval  between  June  20  and 
June  23  inclusive,  is  shown  in  Figure  2,  B.  A  yearling 
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male  was  seen  to  arrive  at  0700  hours  on  June  20. 

It  attempted  unsuccessfully  to  occupy  a  central  nest 
cavity  but  was  driven  away  by  an  adult  male  occupying 
an  adjacent  cavity.  At  1200  hours,  during  a  sub¬ 
sequent  half  hour  period  of  observation,  a  yearling 
male  was  in  complete  possession  of  this  central  nest 
cavity.  No  data  were  recorded  over  the  noon  hour  be¬ 
cause  of  colony  examination.  Later,  data  were  not 
recorded  for  the  next  30  hours  because  of  electronic 
difficulties.  A  yearling  male  was  observed  defending 
this  cavity  on  June  21  and  June  22.  By  this  date 
there  were  very  few  males  searching  for  nest  cavaties, 
which  would  explain  reduced  ED  activity  shown  on 
June  22.  At  0700  hours  on  June  23,  a  female  was  rest¬ 
ing  in  the  nest  entrance.  Presumably  they  were  forming 
a  pair-bond  as  the  male  was  rapidly  entering  and  leaving 
the  nest  cavity.  This  activity  would  explain  the  in¬ 
crease  in  overall  ED  activity  throughout  June  23,  since 
weather  conditions  were  comparable  to  those  of  the  day 
before.  On  June  24  nest  building  began. 

It  appears  that  after  martins  arrive,  some  time  is 
spent  defending  the  nest  cavity  prior  to  building  a  nest. 
This  period  is  shortened  after  about  May  25.  Late 
arriving  pairs  acquire  a  cavity  and  very  shortly  begin 
nest  building. 
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Nest  Building 

The  nest  building  stage  commences  with  the  appear¬ 
ance  of  material  in  the  cavity  and  terminates  when  the 
nest  cup  is  lined  with  green  leaves.  This  period  is 
equivalent  to  the  first  part  of  "Stage  4"  of  Allen  and 
Nice  (1952) . 

Nest  building  took  a  mean  of  11.8  days  in  1965 
and  1966,  with  a  minimum  of  5  and  a  maximum  of  27  days. 
Table  15  presents  the  pertinent  data. 

Table  15.  Distribution  of  time  periods  required  for 
the  nest  building  stage  in  the  breeding 
cycle  of  purple  martins  in  1965  and  1966 
at  Edmonton,  Alberta 


Days  spent 

nest  building  5  6  7  8  9  10  11  12  13  14  15  18  21  22  27 


Mean  no. 

days 

Yearling 

2  3  2 

1 

1 

7.6 

Adult 

1 

1 

2 

3  3  2 

3  2  1 

1 

1 

1  13.6 

Total 

1 

2  4  2 

1 

3 

3  3  2 

3  2  1 

1 

1 

1  11.8 

These  periods  compare  favourably  to  those  reported  by 
Allen  and  Nice  (op  cit) .  Birds  that  were  late  in 
acquiring  a  cavity  built  their  nests  in  the  shortest 
time.  Almost  all  late  nesters  were  yearlings.  A  mean 
of  7.6  days  was  shown  for  yearling  birds,  whereas  adults 
took  13.6  days  to  build  the  nest.  The  long  period  of 
27  days  was  by  a  relatively-early-nesting  pair. 


prubi  isiSLiSSh 


.  ri  oi  i  *>f  '  v.tiv.o  oriJ  ni  X  -  io  son. 

ei  b"i  sq  -lilt?  .83’C  ’l  r  *1*  <*S  w  o*n  :  E  CJ  Z  ">  JS-  n 

bn  a  olii  •  o--eX3"  io  ai*q'xa*ii  e/tt  o3  Jnalsviwpe 

.(S2ei)  &oin 

beviupe-s  Bhc  *q  *mil  io  aoiludixt*^  •**>  *Id*T 

,  -  sdO  .  ■  s:  "I*  0,i i:  l  ud  .sou  sr1 

bn  >  <  uQx  :  a  i  •'•■  *  -<3Ptt,<-  91  ^ 

■33  :  II,  ,  J-  -1  *  Or:rb:i  -  6 


3nsqe  G 


or  ;  L  cl  J  :■  on 

3lubA 

Xb^oT 

n^ara  A  '  4Bpnil36»Y  BTLsJaen  elsl  LLb  ^sorrrXA  . 

lo  boil©*  gnol  ©rfT  ,ia©n  eri:*  MXucf  ctf  aysfc  >0u- 


58 


The  influence  of  the  electronic  equipment  on  the 
time  involved  in  the  nesting  stage  was  investigated  by 
comparing  the  control  and  experimental  nests.  No 
significant  difference,  using  the  Wilcoxon  Two-Sample 
Test  (Alder  and  Roessler , 1964)  was  found. 

Observations  indicated  that  most  nest  building 
took  place  in  the  morning.  This  agrees  with  the  great¬ 
er  overall  ED  activity  shown  in  the  morning  (Fig. 2,  C) . 
Observations  in  the  afternoon  indicated  birds  generally 
were  not  around  the  colony. 

Activity  at  the  nest  entrance  during  the  nest¬ 
building  stage  was  characterized  by  periods  of  nest 
construction  lasting  a  few  minutes  and  then  periods 
with  no  activity  when  birds  were  away  from  the  colony. 

ED  activity  recorded  during  the  nest-building 
stage  was  only  exceeded  by  activity  in  the  previous 
stage  (Fig.  2) .  ED  activity  shown  on  May  29  represents 
the  relatively  high  levels  of  intensity  during  fair 
weather.  Reduced  ED  activity  on  May  27  presumably  was 
due  to  high  wind  velocities  (  a  mean  of  18  mph) .  The 
lower  temperatures  (mean  of  51°F)  on  May  28  caused  the 
reduction  of  ED  activity. 
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Nest  Completion 

The  nest  completion  stage  covers  the  time  inter¬ 
val  between  the  day  the  nest  cup  is  lined  with  leaves 
and  the  day  laying  begins.  This  period  corresponds  to 
the  latter  part  of  Allen  and  Nice's  (1952)  "Stage  4". 

Nest  completion  lasted  a  mean  of  3.2  days  with  a 
range  of  0  to  9  days  (Table  16) .  This  time  interval 
compares  favourably  with  the  3  days  reported  by  Purchon 
(1948)  for  European  swallows  (Hirundo  rustica) .  The 
shorter  periods  of  time  generally  involved  late  nesting 
birds.  The  period  of  9  days  was  shown  by  a  pair  which 
took  early  possession  of  a  nest  cavity  and  began  nest 
building  within  a  week.  Presumably  the  nest  was  finish¬ 
ed  before  the  female  was  physiologically  ready  to  lay. 

Table  16.  Distribution  of  time  periods  for  the 
nest  completion  stage  by  purple 
martins  in  the  Edmonton  area,  Alberta 


Periods  of  time  in  days  for  nest 
completion 

Days _ 012345679  Mean 

No.  of 

Pairs  715314312  3.2 

There  was  no  significant  difference  between  experi¬ 
mental  and  control  nests  for  the  time  spent  in  the  nest 
completion  stage. 
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Total  ED  activity  during  the  nest  completion  stage 
was  slightly  less  than  during  the  previous  stages 
(Fig.  2,  D) .  At  this  time  males  continued  to  defend 
the  nest  but  observations  indicated  there  was  little 
competition  for  nest  sites.  On  June  5  the  colony  was 
disturbed  for  18  minutes  near  0830  hours  which 
probably  caused  the  sharp  decrease  in  activity.  The 
colony  was  also  disturbed  for  18  minutes  at  1800  hours 
on  June  8.  Weather  conditions  were  comparable  for 
all  three  days. 

A  foreshortening  of  the  nest  building  and  nest 
completion  stages  occurred  as  the  season  progressed 
(Table  17). 

Table  17.  Weekly  comparison  of  the  termination  of 
nest  building  and  nest  completion  stages 
for  purple  martins  at  Edmonton,  Alberta 


Date  of 
first  egg 


1965  1966  Total 

Mean*  Range*  No.  Mean*  Range*  No.  Mean*  Range*  No. 

in  in  of  in  in  of  in  in  of 

days  days  nests  days  days  nests  days  days  nests 


May  29- 


June 

4 

20 

1 

14.3 

13-16 

3 

00 

0 

in 

i — 1 

13-20 

4 

June 

June 

5- 

11 

11.7 

10-15 

3 

16.6 

12-23 

3 

14.2 

10-23 

6 

June 

June 

12- 

18 

11.5 

8-15 

2 

14.9 

7-27 

14 

14.5 

7-27 

16 

June 

June 

19- 

26 

12 

1 

6.3 

5-8 

3 

7.8 

5-12 

4 

July  10  7  1  7 

*  Time  in  days  from  beginning  of  nest  building 
until  first  egg  appears. 
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The  interval  required  for  late  nesting  birds  is  sub¬ 
stantially  reduced  late  in  the  season.  This  may  be  an 
adaptation  to  assure  that  young  hatch  when  aerial 
insects  are  most  abundant  in  late  June  and  July 
(Dr.  B.  Hocking  and  Dr.  G.E.Ball,  pers.  comm.). 
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Laying 

Purple  martins  generally  lay  in  the  early 
morning  on  successive  days  (Allen  and  Nice,  1952) . 

Female  martins  mated  to  adult  males  began  laying 
up  to  two  weeks  before  those  mated  to  yearling  males 
(Fig.  7) .  Adult  birds  arrived  between  late  April  and 
mid-May,  whereas  yearling  males  did  not  arrive  until 
late  May.  Both  age  groups  commenced  nest  building 
shortly  after  arrival.  The  later  the  arrival,  the 
less  time  spent  in  the  early  stages  of  the  breeding 
cycle.  This  reduction  in  time  explains  the  close 
agreement  of  peak  laying  for  both  age  groups  as  shown 
in  Figure  7.  The  skewed  distribution  for  adults  may 
be  explained  by  some  birds  arriving  early  and  beginning 
to  nest  immediately.  The  fact  that  the  curves  for 
hatching  differ  from  those  for  laying  is  because  all 
eggs  in  a  clutch  hatch  snychronously . 

Martins,  in  the  Edmonton  area,  laid  4.8-  0.6  eggs 
(Table  18) .  This  number  of  eggs  approaches  closely 
that  reported  by  Widmann  (1922)  of  4.9  and  Allen  and 
Nice  (1952)  of  4.9-  0.7.  It  appears  that  purple 
martins,  nesting  near  the  northern  limits  of  their 
range,  have  not  changed  their  clutch  size. 

MacArthur  (1961:  196)  claims  that  "if,  due  to  severe 
climate  and  the  hazards  of  longer  migration,  mortality 
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Figure  7.  A  comparison  of  the  laying  and  hatching 
dates  between  female  purple  martins 
mated  to  males  in  adult  plumage  and 
those  in  yearling  plumage  in  the  same 
colony,  Edmonton  area,  Alberta 


NUMBER  OF  NEWLY  LAID  E66S  AND  NEWLY  HATCHED  YOUNG 


30i 
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is  always  greater  at  high  latitude,  then  so  must 
clutch  size  be  higher,  or  the  species  won't  live  there." 
Either  the  purple  martin  is  a  relative  "new  comer"  to 
these  northern  latitudes  and  has  not  yet  adapted  its 
clutch  size,  or  MacArthur ' s  assumption  is  not  valid. 

The  mean  number  of  eggs  was  nearly  the  same  for 
both  years  (Table  18) .  Larger  clutches  of  seven  and 
eight  eggs  were  laid  in  1966.  The  pair  laying  seven 
eggs  was  first  to  arrive,  nest  and  begin  laying  in  1966. 
Eight  eggs  were  laid  by  the  third  pair  to  begin  laying 
the  same  season.  There  was  no  evidence  to  suggest 
that  these  larger  clutches  were  laid  by  other  than 
single  birds. 

The  pair  with  seven  eggs  fledged  seven  young, 
and  seven  of  the  eight  young  fledged  from  the  other 
nest.  It  appears  from  this  very  small  sample  that 
should  a  female  purple  martin  lay  a  greater  than 
average  number  of  eggs,  the  parents  can  raise  at 
least  seven  young,  given  conditions  similar  to  those 
experienced  in  1966. 

Female  martins  mated  to  yearling  males,  pro¬ 
duced  a  smaller  clutch  size  (Table  18) .  These 
results  compare  with  those  reported  by  Meyer  (1957) 
for  cliff  swallows  (Petrochel idan  pyrrhonota) ; 


Kuroda  (1964)  for  starlings  (Sturnus)  and  Perrins 
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Table  18.  Distribution  of  purple  martin  clutch 
sizes  in  the  Edmonton  area,  Alberta 


Year 

Purple  martin  pairs 

Clutch  size 

Age  of  male 

Number 

Total 

Mean  and  SD 

3 

4 

5 

6 

7 

8 

1965 

Yearling 

1 

1 

2 

4 

4 . 25-0 . 4 

Adult 

1 

5*11 

3 

20 

4 . 80-0 . 83 

Total 

2 

6 

13 

3 

24 

4 . 7 1-0 . 79 

1966 

Yearling 

1 

5 

4 

10 

4 . 30-0 . 7 1 

Adult 

2 

2 

9 

5 

1 

1 

20 

5.80-1.16 

Total 

3 

7 

13 

5 

1 

1 

30 

4.90-0.99 

1965 

and 

Yearling 

2 

6 

6 

14 

4.29-0.67 

1966 

Adult 

3 

7*  20 

8 

1 

1 

40 

5 . 00-0 . 63 

Total 

5 

13*  26 

8 

1 

1 

54 

4.81-0.61 

*  Includes  3  replacement  clutches 

(1965)  for  great  tits  (Parus  major) ;Lee  (1967)  for  purple 
martins. .  Presumably  the  reduction  in  clutch  size  by 
female  martins  mated  to  yearlings,  which  generally 
began  nesting  later  than  those  mated  to  adults,  would 
shorten  the  total  time  for  the  breeding  cycle  and  hence 
nestlings  would  hatch  out  one  or  two  days  earlier  than 
if  the  clutch  had  been  of  larger  size. 

A  comparison  between  the  date  of  onset  of  laying 
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and  clutch  size  is  shown  in  Table  19.  It  is  apparent  that 
clutch  size  was  diminished  as  the  season  progressed.  In 
addition  the  daily  number  of  newly-laid  eggs  and  newly 
hatched  young  are  presented  for  the  years  1965  and  1966 
in  Figure  8. 

Table  19.  Clutch  size  in  purple  martins,  in 
relation  to  the  onset  of  laying  in 
the  Edmonton  area,  Alberta 


Year 

First  egg  laid 
in  week  ending 

Number  of 
clutches 

Cumulative  sum 
%  of  total 

Clutch 

Mean 

size 

SD 

1965 

June  4 

2 

8.3 

6.00 

± 

0 

June  11 

5 

29.1 

5,20 

± 

0.40 

June  18 

9 

66.6 

4,78 

+ 

0.42 

June  25 

5  * 

0 

r- 

00 

4.20 

+ 

0.75 

July  2 

0 

July  9 

1  * 

91.6 

4.00 

July  16 

2  * 

100.0 

3  .  50 

± 

0.50 

All  pairs 

24  * 

4.71 

+ 

0.79 

1966 

June  4 

4 

13.3 

6.25 

+ 

0.42 

June  11 

3 

23.3 

5.33 

+ 

0.15 

June  18 

19 

86.7 

4.63 

+ 

1.00 

June  25 

3 

96.7 

4.33 

+ 

0.15 

July  2 

1 

100.00 

5.00 

All  pairs 

30 

4.90 

+ 

0.99 

*  Includes  replacement  clutches 
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Figure  8.  Laying  and  hatching  frequencies  for 
purple  martins  in  the  Edmonton  area, 
Alberta 
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It  is  apparent  that  the  majority  of  purple  martins  at 
Edmonton  laid  eggs  during  the  second  and  third  week  of 
June  in  both  years.  By  June  25,  87  per  cent  had  begun 
laying  in  1965,  and  97  per  cent  in  1966.  Consequently 
the  majority  of  young  were  hatched  by  early  July  (Fig.  8) 
near  the  peak  of  insect  abundance.  Lack  and  Lack  (1951) 
found  a  similar  correlation  between  the  breeding  season 
of, swifts  and  food  availability. 

The  two  females  that  re-nested,  each  laid 
4  eggs.  One  had  earlier  laid  6  eggs,  the  other  5. 

Allen  and  Nice  (1952)  reported  that  martins  which  re¬ 
nested  always  laid  4  eggs  in  the  second  clutch. 

The  possible  influence  of  the  continuous  light 
source  at  the  nest  entrance  on  the  timing  of  laying  in 
purple  martins  was  investigated.  No  significant  differ¬ 
ence  in  the  timing  between  control  and  experimental  nests 
was  found  in  either  year. 

ED  activity  during  the  laying  stage  remained 
relatively  constant  throughout  the  day  (Fig.  3, A). 

I  suggest  that  this  was  because  martins  stayed  closer 
to  the  nest,  ready  to  defend  the  recently  deposited 
eggs  from  possible  predation.  This  greater  tendency 
to  defend  the  nest,  once  they  began  to  deposit  eggs, 
was  noted  while  checking  the  nests  each  day. 

The  low  ED  activity  on  June  12  as  shown  in 


i  i  3  [ q  l u  2to  3x1  ifirfJ  SnsusqqB  ei  31 

;  3 ~>w  b  ir:  bns  bnoo^e  eri^  pni^ub  appa  bifil  no3nom£>3 

.  dcH  I  ni  inoo  iO'j  \  bns  ,  5<*€J  ai  pniYfii 
(c  .-.  j  )  ir.o  \d  Ir.f^rlo- rsrf  9  3W  pa;  oy  3o  t„  iO[6r,  Slf: 

noa:  33  pri  i99id  9j  3  ns  v  Jod  x  bi  IbIsiioo  isli/n  3  &  bnuol 

.t  3i 2  r dBlibVB  bod  bni  aJ^iwe  lo 

c  i3  3c  ,  p  ■  bi J5  L  39  .  :  •  bBrf  snO  .  spps  £ 

31  roiri./  aniJ-ism  J  rf3  fc»9i:i.oq  x  S^£l)  90j  bnB  A9IIA 
.  ;  u  i  o  :  c:>9a  -n  n..  -  -  t-  bif-I  e\  S'  Ib  bodaen 

r  1  riui.ufij  j  ’C :  9ffi  riO  t  :r  •  <  :H  -  Cd '.  ?.«.•■  •  £•  rT 

23a  >a  Ii  h  omiii  qxo  b  ib  Io:l3  >o  H99w3«c  pnimi3  drfi  ni  sone 

,ifyv  isrtois  xx.i  >nuoi  pbw 

•  3ao Jo  i  '6J2  oiii-j-ism  auj'osd  s  w  e  rd3  /6nJ  iasppxxa  I 
L'  3l  )Cf€- ■]•  Y*i-n9391  :  ff3  J  ■  L  ■  b  O'J  Be~t  39 n  0ff3  o3 

.noi 3 fibsnq  & Idiaaoq  moil  app9 

.  Bb  xfoB9  a^39Lt  9ffd  pnitfoado  Sfl  ;»w  b93on  esw 

ni  rrAods  <b  Si  onuL  no  LJivi.j  >x  U3  wol  snT 


69 


Figure  3,  presumably  was  due  to  a  high  mean  wind  velocity 
of  13  mph,  as  compared  to  10  mph  on  the  other  two  days 
shown.  Other  weather  conditions  were  comparable  on 
all  three  days. 
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Incubation 

The  period  of  incubation  is  the  time  from  the  lay¬ 
ing  of  the  last  egg  in  a  clutch  until  it  hatches 
(Thomson,  1964) „  To  determine  this  time,  I  selected, 
in  1965,  11  nests  and  numbered  each  egg  on  the  day  it 
was  laid,  In  one  nest,  the  last  egg  hatched  at  the 
same  time  as  the  others;  in  two  nests  it  hatched  with 
the  last  part  of  the  clutch;  and  in  eight  nests  it 
was  the  last  egg  to  hatch. 

The  mean  incubation  time  for  the  marked  eggs 
was  16 o 6  days,  the  same  as  that  for  all  nests  in  both 
seasons  (Table  20) „  This  time  is  slightly  in  excess 
of  that  of  15  to  16  days  reported  by  Allen  and  Nice 
(1952) o  I  presume  the  greater  length  of  time  is  due 
to  the  cooler  climate  of  the  more  northern  latitude 
at  Edmonton o  Edmonton  has  a  mean  temperature  in 
June  of  57o8°F,  whereas  at  Ann  Arbor,  Michigan,  the 
site  of  Allen  and  Nice's  (1952)  investigation,  it  is 
67o9°Fo  When  a  female  departs  to  feed  while  incubating 
she  allows  the  eggs  to  cool  and  embryo  development  is 
retarded. 

There  was  no  correlation  between  either  clutch 
size  or  age  of  males  and  length  of  incubation  time. 

The  mean  incubation  time  for  clutches  in  control  and 
experimental  nests  was  not  significantly  different. 
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Table  20.  Distribution  of  time  periods  for  the 
duration  of  incubation  for  purple 
martins  in  the  Edmonton  area,  Alberta 


Days 

15  16  17  18 


Mean 


Nests  with 

marked  eggs  6  32 

1965,  1966 

totals  1  19  15  6 


16.6 

16.6 


ED  activity  during  the  incubation  stage  is  shown 
in  Figure  3,  B.  The  three  days  selected  include  the  first 
day  of  incubation,  a  day  near  the  middle  of  the  stage 
and  a  day  near  the  end.  On  the  afternoon  of  June  17, 
the  decrease  in  activity  coincided  with  cool  weather 
accompanied  by  rain,  as  did  the  decrease  late  on  the 
afternoon  of  June  22.  June  29  was  warm  and  sunny 
all  day,  and  ED  activity  remained  at  about  the  same 
level  throughout.  It  appears  that  female  birds  have 
certain  sessions  and  recesses  while  incubating,  and 
unless  there  is  extremely  inclement  weather,  ED  activity 
remains  relatively  constant. 
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Nestling 

The  nestling  stage  extends  from  hatching  of  the 
last  egg  to  fledging  of  the  last  young.  Purple  martins 
remained  in  the  nest  approximately  four  weeks.  The 
mean  departure  time  for  15  broods  studied  was  27.4  days 
ranging  from  26  to  31  days  (Table  21) „  There  was  no 
difference  in  departure  time  between  1965  and  1966, 
and  consequently  the  data  for  both  years  were  combined. 
In  one  nest  not  included  in  this  table,  a  nestling 
remained  37  days  in  the  cavity.  The  four  siblings 
from  this  nest  had  left  an  unknown  number  of  days 
earlier.  This  individual  was  examined  and  showed  no 
observable  defects.  The  parents  continued  to  feed  it 
until  it  departed. 

Table  21.  Distribution  of  time  periods  for  the 
nestling  stage  in  purple  martins  at 
the  experimental  boxes  in  the 
Edmonton  area,  Alberta 


Number  of  Number  of 

young  fledged  broods  Number  of  days  until  all  young  fledged 


1 

2 

3 

4 

5 

6 
7 

Total 


1 

1 

5 

2 

3 

2 

1 

15 


26  27  28  29  31 

1 

1 

2  3 

1  1 

2  1 
1  1 
1   

5  5  2  1  2 
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Reports  in  the  literature  indicate  that  martins 
remained  in  the  nest  elsewhere  slightly  longer  than  at 
Edmonton.  Forbush  (1929)  stated  that  martins  sometimes 
remained  in  the  nest  for  six  weeks.  Allen  and  Nice  (1952) 
found  martins  fledged  at  between  27  and  35  days,  usually 
about  28.  The  earlier  fledging  at  Edmonton  may  be  due 
to  more  hours  of  sunlight  at  this  northern  latitude 
which  would  provide  more  feeding  time  and  presumably 
faster  growth. 

Between  day  17  and  21  of  the  nestling  stage,  the 
young  came  to  the  nest  entrance  to  beg  and  accept  food. 

A  mean  of  19.6  days  was  calculated  for  this  time  with 
a  range  of  14  to  24  days  (Table  22) »  There  was  no 
difference  between  the  data  collected  in  1965  and 
1966  and  between  control  and  experimental  nests.  The 
data  were  consequently  combined. 

To  follow  growth  of  the  young,  wing  chord 
measurements  were  made  of  nestlings  in  two  nests  with 
three  young,  and  three  nests  with  five  (Figs.  9  and  10) 

The  curves  were  prepared  using  the  known  age  of  each 
young  in  the  nest.  Nestlings  had  been  individually 
marked  on  hatching.  From  about  the  5th  day  onward 
one  or  more  nestlings  had  longer  wings  than  the  others. 
These  larger  nestlings  were  assumed  to  be  males  as 
adult  and  yearling  males  were  found  to  be  the  same  size 
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Table  22.  Distribution  of  time  periods  prior  to 
the  appearance  of  nestlings  at  the 
nest  entrance 


Nestlings 
per  nest 

Number  of 
nests 

Time  in  days 
appearance  of 

from  hatching  until  the 
nestlings  at  nest  entrance 

14  17  18 

19 

20  21  23  24 

1 

1 

1 

2 

1 

1 

3 

6 

2 

1 

3 

4 

5 

3  2 

5 

7 

1  1 

5 

6 

4 

1 

1 

2 

7 

2 

1 

1 

Total 

26 

12  3 

2 

13  3  1  1 

and  were 

larger  than 

females  (Bent 

(1942) 

and  Appendix  XIX) . 

Willson  (1966)  showed  that  the  sex  of  nestling  yellow¬ 
headed  blackbirds  (Xanthocephalus  xanthocephalus)  could 
be  determined  on  the  basis  of  weight,  at  six  days  of 


age.  I  suggest  that  the  brood  shown  in  Figure  10  which 
had  consistently  larger  young  than  the  others  probably 
contained  more  males. 

A  comparison  of  the  curves  in  Figures  9  and  10 
indicated  no  difference  until  day  17.  Subsequently  the 
curve  for  five  nestlings  showed  larger  nestlings  present. 
This  could  be  explained  by  more  males  per  brood  in  the 
nests  with  five  young. 
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It  was  observed  that  the  appearance  of  the  primary- 
feather  sheaths  and  later  the  primary  feathers  had  no 
influence  on  the  growth  curves. 

The  number  of  young  martins  fledged  at  Edmonton 
was  greater  than  found  in  other  studies,  even  though  the 
clutch  size  was  the  same  (Table  23) .  Martins  studied 
at  more  southern  latitudes  were  influenced  by  rain  and 
cold  weather  which  reduced  their  numbers.  One  period 
of  bad  weather  at  Edmonton  occurred  when  most  birds  were 
incubating.  Of  the  four  nests  with  young  at  this  time, 
all  lost  at  least  one  chick  and  one  lost  three  of  five. 

I  presume  that  if  weather  conditions  .during  this  study 
had  been  as  detrimental  as  described  in  the  reports 
from  more  southern  areas,  then  martin  productivity 
would  have  been  substantially  reduced. 

ED  activity  as  shown  in  Figure  3,  C,  together 
with  observations,  indicate  that  nestling  feeding  be¬ 
gan  in  the  early  morning,  continued  at  a  steady  rate 
all  day,  and  fell  off  at  or  near  sunset.  There  did 
not  appear  to  be  any  major  peaks  or  troughs  in  levels 
of  activity.  Once  the  adults  begin  feeding  nestlings 
they  apparently  continue  at  about  the  same  rate. 

Allen  and  Nice  (1952;635)  had  stated,  "It  seems 
evident  that  both  age  and  number  of  young  influence 
the  rate  of  feeding  although  we  are  hampered  by  lack 
of  exact  information  on  both  these  points".  This 
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speculation  was  investigated.  It  appears  from  Figure  11 
that  ED  activity,  presumably  the  rate  of  feeding,  in¬ 
creased  both  with  the  age  of  young  and  the  number  per 
nest.  The  activity  curve,  for  all  broods  with  more 
than  one  nestling  rose  to  a  plateau  at  about  day  10 
and  remained  at  this  level  until  day  14,  when  ED 
activity  began  to  decrease.  An  increase  in  number  of 
trips  per  hour  as  the  nestlings  aged  was  similarly 
reported  for  other  swallow  species  (Moreau,  1939,  1940; 
Purchon,  1948) . 

The  decrease  in  number  of  feeding  trips  per  hour 
after  day  14,  coincided  with  observations  of  adults 
bringing  to  the  young  much  larger  insects  including 
Odontata  and  Lepidoptera  of  unknown  species. 

Observations  indicate  that  the  number  of  trips  with 
larger  insects  increased  as  the  young  become  older. 
Parental  feeding  trips  could  be  reduced  and  yet  still 
provide  the  same  amount  of  potential  energy  per  nest¬ 
ling. 

Various  workers  have  reported  that  the  number  of 
feeding  trips  was  greater  in  larger  broods  but  not 
proportional  to  the  brood  size  (Nice,  1943;  Moreau, 

1947;  Lack,  1948,  1954;  Gibb,  1955;  Royama ,  1966; 
Willson,  1966) .  My  results  agree  with  these  findings 
(Fig.  11) ,  Each  young  in  larger  broods  presumably  would 
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not  have  received  as  much  food  as  in  smaller  ones. 
Possibly  the  decrease  in  quantity  of  food  brought  per 
nestling  in  the  larger  broods  may  be  compensated  by 
heat  conservation.  Gibb  (1955)  suggested  such  a  com¬ 
pensatory  relationship  in  his  study  of  great  tits 
(Parus  major) .  He  mentioned  that  reduction  of  heat 
loss  will  reduce  to  some  extent  the  demand  for  heat 
production  and  energy  intake. 

In  both  seasons  studied,  six  young  fledged  from 
some  nests.  In  1966,  two  pair  each  fledged  seven 
young.  Since  a  pair  of  martins  can  successfully  fledge 
a  large  number  of  chicks,  I  assume  that  those  pairs 
feeding  one,  two  and  three  nestlings  are  not  feeding 
at  maximum  rates.  I  suggest  that  martins  would  adapt 
to  produce  an  ideal  number  of  young  which  can  be  fed 
at  near  maximum  efficiency.  If  too  many  young  are  in 
the  clutch,  then  according  to  Perrins  (1965)  the 
nestlings  fledge  underweight  and  die;  if  too  few, 
maximum  feeding  rates  are  not  approached  and  a  loss 
of  productivity  occurs.  I  presume  that  the  productivity 
of  three  to  four  per  nest  found  in  this  study  is  the 
optimum  number  at  this  northern  latitude. 

Yearling  males  were  breeding  for  the  first  time. 
Data  from  three  pairs  of  yearling  birds  obtained  during 
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three,  3-hour  observation  periods  a  week  apart  with 
young  about  one,  two  and  then  three  weeks  of  age, 
indicated  that  the  yearling  males  fed  nestlings 
45  per  cent  as  often  as  did  females  at  the  same  nest. 
Whereas  data  from  six  to  seven  pairs  with  adult  males, 
obtained  at  the  same  time  and  with  young  about  the 
same  age,  indicated  adult  male  trips  to  the  nest 
equalled  those  of  the  female  at  the  same  nest. 

Kendeigh  (1952)  reported  similar  results  for  one  pair 
of  adult  martins. 
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Post-Breeding ,  Nest-Cavity  Defence 

The  post-breeding  nest-cavity  defence  stage  lasts 
from  the  time  nestlings  begin  to  fledge  until  birds 
depart  on  fall  migration. 

The  post-breeding  stage  is  not  as  well  documented 
as  are  the  stages  of  the  breeding  cycle.  Allen  and 
Nice  (1952)  in  their  excellent  study  do  not  mention  it. 
Olmstead  (1955:8)  briefly  discusses  this  stage  by 
stating  that  "After  the  young  are  fledged,  adult  males 
engage  in  short  decisive  flights  and  sing  short  bursts 
of  song  from  the  ledge  of  the  box.  A  few  mated  pairs 
linger  near  the  nest  but  females  and  young  are  in  the 
minority."  Johnston  and  Hardy  (1962)  mention  groups 
of  3  or  more  individual  martins  participate  as  social 
units  in  investigating  neighbouring  colonies  in  the 
spring  and  after  completing  breeding.  Researchers  have 
reported  fall  activity  for  other  bird  species: 

Brewster  (1925)  and  Bump  et:  al  (1947)  mention  fall 
drumming  of  ruffed  grouse  ( Bonasa  umbellus) ; 

Nice  (1937)  mentions  young  resident  song  sparrows 
(Melospiza  melodia)  taking  up  territory  in  their  first 
fall;  Morley  (1943)  summarized  the  European  literature 
on  bird  territorial  activity  in  the  fall;  Peterson 
(1955)  observed  recently  fledged  bank  swallows 
examining  old  holes  and  digging  at  new  ones. 


3^8iiJ  p*  a  >  eon  :>ni U9s:jd-*deQq  srfT 

r>  iC  tin  , ,i  ><  i  d/  ilJeen  omid  orfd  xnoid 

.no.  dB  tpim  .led  no  diaqab 
ic.i  !i  o  ■  •  . 'pnibssid- iaoq  arfT 

.  '  \  P  '"■■V-n  i  9  :.  O  feopfcde  3 •:!.>•  9l  •  3fi 

3  Jrtt'in  don  cd  j.ta  in  >1.  »e  liexfd  ni  (£091)  9oiH 

-  i  .  i  ■  ; a 

w  ort  pnie  »nc  ,j  ,Tp  J  :  ;osb  iiorfi  ni  apFpn9 

,zoc  arf:  to  o  '':  I  a  Id  moid  pnoa  do 
->  r;  nx.ro  s  >j  ;>  1  Jr  J  d  J©  -  f:t  rBon  tempi  1 

tp  >j  n  (  3(  )  the  rodanrtoL  H  .Ydxxafrim 

n.  .©  o  jo  -i;ji  i  n  i  iBp ;  o  save  t  ni  a  dir 

9‘  n*  do  Ira  3  i o  s  bn  i  oxiiiq  s 

\  fa  !  &-ac  io~)  -  -i  p  bad  :n*<  to  pnimmnib 

i  f  >n<  )  r  [?■  a  no  i  +f  ma  .61)  aoiK 

v  o  <  r  I  5..  b  ;jl  *  i  vicjeol9M) 

:  -  iid  I  nfisa  &:'J  •  -ib  am  b  (f  -0J  )  yc :  xofc  tiled 

t  ;  i:  vj  ;  '  Lb  >rfj  n.  \  f  v  d:  'Biiod  ii9d  bxid  no 

.asao  won  t>  Pi  it  'l>  >n£  saiorl  bio  pninimaxo- 


84 


I  first  observed  post-breeding  nest-cavity  defence 
activity  at  Edmonton  in  1963.  That  season  a  nest  box 
that  had  gone  unused  all  summer  was,  for  about  a  week 
in  early  fall,  the  scene  of  intensive  ED  activity  by 
several  yearling  males.  The  same  procedure  was  noted 
the  next  season,  and  in  1965  and  1966  it  was  recorded 
with  the  electronic  equipment  at  the  experimental  sites. 
In  1966,  a  new  phase  was  noted  -  at  least  three  yearling 
males  attracted  females  which  assisted  in  defending  the 
cavity  for  several  days. 

Based  on  data  for  14  males,  the  final  stage  in 
the  breeding  cycle  lasted  5.9  -  4.6  days  with  a  range 
of  one  to  19  days. 

Activity  during  the  post-breeding  stage  was 
quite  intense  as  shown  in  Figure  3,  D.  Recorded 
ED  activity  together  with  observational  data  indicated 
there  were  two  daily  peaks  of  activity  -  morning  and 
afternoon.  The  former  was  generally  greater.  A 
comparison  between  activity  in  the  first  and  last 
stages  (Figures  2,  A  and  3,  D)  shows  that  post-breeding 
ED  activity  is  just  as  intense  as  shown  for  the  arrival 
stage. 

An  example  of  ED  activity  in  the  last  stage  is 
shown  in  Figure  3,  D.  An  unmated  yearling  male  was 
first  noted  at  a  nest  cavity  which  contained  seven 
young  on  July  12.  The  yearling  male  sat  on  the  nest 
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porch  while  the  adult  male  and  his  mate  busily  fed 
the  seven  nestlings.  This  yearling  male  was  not  seen 
to  feed  the  nestlings  during  several  short  watches 
ranging  from  about  10  minutes  up  to  about  an  hour  and 
one  3-hour  period.  By  July  18,  the  young  had  fledged. 
Little  ED  activity  was  recorded  for  several  days.  On 
July  23,  a  yearling  male  was  noted  at  this  nest  partici¬ 
pating  in  post-breeding  nest-cavity  defence  behaviour. 
Activity  continued  each  morning  on  the  same  high  level 
of  intensity  and  on  July  27,  a  female  joined  him. 

Both  sexes  then  participated  in  defence  of  the  cavity. 

On  July  30  at  1000  hours  an  adult  male  had  apparently 
displaced  the  yearling  pair  which  had  been  present  the 
afternoon  before.  A  yearling  male,  possibly  the  same 
bird,  was  back  by  at  least  the  morning  of  August  1. 
Activity  began  to  decline,  and  by  August  9  it  had 
virtually  stopped,. 

Observation  of  color  banded  birds  indicated 
previous  nest  tenants  that  have  fledged  young  did  not 
appear  to  participate  in  this  stage. 

In  view  of  the  lack  of  a  detailed  description 
in  the  literature  of  post-breeding  nest-cavity  defence 
by  purple  martins,  I  include  the  following  account. 
Post-breeding  activity  began  in  the  early  morning 
with  males,  usually  yearlings,  arriving  at  the  nest 
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boxes  either  singly  or  in  small  flocks.  Some  individuals 
entered  the  nest  cavities  without  hesitation,  others, 
which  I  presumed  were  newcomers,  hesitated  before 
entering  the  cavities.  The  occupant  of  a  cavity  de¬ 
fended  it  by  making  sudden  outward  lunges  from  the 
entrance,  or  by  resting  in  front  of  the  nest  entrance. 
Nest  material  was  not  observed  being  gathered  during 
the  post-breeding  stage. 

During  this  stage,  birds  were  continually  flying 
from  cavity  to  cavity.  If  a  new  bird  arrived  all 
established  males  would  produce  a  piercing  cry, 
attempting  to  discourage  the  newcomer  from  landing 
nearby.  Few  fights  were  observed. 

Intensity  of  post-breeding  defence  increased 
as  the  season  progressed.  By  the  time  the  last  young 
fledged  in  1966,  between  30  to  40  martins  were  competing 
for  possession  of  future  nest  cavities.  This  competition 
continued  for  a  few  days  and  then  ceased  by  August  2, 
in  both  years. 

I  suggest  that  post-breeding  defence  activity 
helps  to  imprint  upon  participating  birds  the  location 
of  future  nest  sites.  A  territory  is  learned  to  which 
they  will  return  the  following  spring,  and  consequently 
have  the  same  advantage  in  nest  findings  as  the  birds 
which  had  previously  nested.  Martins  have  an  extremely 
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good  homing  instinct.  Southern  (1959)  found  that  all 
of  16  birds  released  from  1.72  to  235  miles  returned. 

The  bird  released  farthest  away  returned  in  8.6  hours. 
Data  from  birds  banded  in  this  study  indicated  martins 
return  each  year  to  nest  in  the  same  area.  Observations 
suggest  they  "remember"  the  exact  location  of  nest 
boxes,  since  in  the  spring,  if  the  box  has  not  yet  been 
put  up,  they  will  flutter  around  where  it  was  the 
previous  year.  Nice  (1937)  has  shown  that  territorial 
behaviour  in  the  song  sparrow  in  the  late  summer  has 
the  function  of  fixing  in  the  bird  an  individual 
territory  to  which  it  later  returns  in  the  spring. 
Similarly,  purple  martins  may  learn  the  location  of 
available  nest  sites  by  post-breeding  activity.  By 
the  time  they  depart  on  migration  I  suspect  most  possible 
nest  sites  are  known  within  a  radius  of  10  miles. 

Returns  of  banded  yearlings  indicate  that  they  nested 
from  three  to  ten  miles  from  the  home  colony.  This 
knowledge  of  available  nest  sites  may  even  extend 
farther,  since  one  female  nested  85  miles  southwest 
of  the  place  where  she  was  raised. 
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GENERAL  DISCUSSION  AND  CONCLUSIONS 

The  influence  of  weather  on  the  size  of  animal 
populations  has  been  discussed  in  the  literature. 

Birch  (1957:106)  states  "weather  is  a  component  of 
the  environment  of  animals  which  effectively  determines 
the  limits  to  distribution  and  the  abundance  of  some 
species.  Short  term  and  long  term  changes  in  weather 
determine  short  term  and  long  term  changes  in  dis¬ 
tribution  and  abundance".  This  approach  is  opposed  to 
the  density-dependent  concept,  which  supposes  that 
populations  are  permitted  to  grow  when  densities  are 
relatively  low  and  prevented  when  densities  are  high. 
Nicholson  (1957),  taking  a  more  realistic  approach, 
stated  that  the  density  of  a  population  is  not  governed 
by  biotic  and  abiotic  factors  per  se  but  by  such  attri¬ 
butes  of  these  elements  as  availability,  accessibility, 
intensity,  etc.  Furthermore,  he  states  that  inherent 
in  all  populations  is  "the  ability  to  adjust  themselves 
to  great  changes  in  their  environments".  Purple  martin 
populations  do  fluctuate.  Local  populations  may  be 
radically  reduced  by  long  spells  of  bad  weather,  as 
in  the  New  England  States  (Forbush,  1904) ,  but  as 
shown  in  this  paper,  changes  of  short  duration  in  the 
weather  only  affect  activity,  not  overall  production. 
The  high  productivity  of  the  Edmonton  birds  has  been 
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sufficient  to  increase  the  numbers  from  probably  less 
than  ten  pairs  in  1946  to  an  estimated  2000  pairs, 

20  years  later.  Even  short  spells  of  "bad"  weather, 
as  experienced  in  1965,  did  not  greatly  alter  the 
population. 

Rain  of  three  or  more  hours  duration  had  the 
most  influence  on  purple  martin  activity.  The  three 
next  most  significant  weather  factors  influencing 
martin  ED  activity  were  temperature,  sky  opacity  and 
wind  velocity,  with  temperature  probably  being  most 
influential.  If  the  critical  30-day  period  required 
for  nestling  development  has  a  mean  temperature  above 
55°F,  martins  will  probably  reproduce  successfully. 

If  these  conditions  are  not  met  colonies  may  survive 
for  brief  stretches  of  time  but  permanent  colonization 
will  not  occur.  If  wind  velocities  continually  exceed 
10  mph  during  this  critical  period  the  adults  will 
have  difficulty  obtaining  sufficient  food  for  the 
young.  Wind  in  the  prairie  parkland  usually  does  not 
blow  at  such  high  velocities  for  long.  Of  these  three 
weather  factors,  sky  opacity  is  probably  least  in¬ 
fluential  since  if  the  wind  is  low  enough  and  the 
temperature  high  enough  to  bring  insects  into  the  air, 
martins  can  feed. 

The  factor  that  probably  limits  the  expansion 
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of  the  population  of  purple  martins  at  Edmonton  is  the 
availability  of  nest  sites.  If  additional  nest  boxes 
are  provided  there  should  be  enough  aerial  insects  to 
support  many  more  martins  than  are  presently  produced. 
Other  aerial  insect  eating  animals  such  as  bats  are 
quite  successful  at  raising  young  in  the  Edmonton 
area  (J.S.  Hayward,  pers.  comm.).  I  suspect  that 
competition  for  nest  sites  with  English  sparrows 
(Passer  domesticus)  and  starlings  ( Sturnus  vulgaris) 
prevents  some  of  the  potential  breeding  stock  from 
reproducing . 

There  are  several  problems  raised  in  this  study 
that  remain  unanswered.  What  type  of  food  is  brought 
to  nestlings  during  different  ages?  Are  these  flying 
insects,  normally  found  near  the  ground?  How  much 
food  is  brought  to  the  young  as  they  become  older? 

Does  the  amount  of  food  brought  by  the  parents  first 
increase  in  quantity  and  then  later  decrease  as  the 
nestlings  become  older?  Is  there  a  change  in  insect 
food  species  brought  by  the  parents  both  hourly  and 
daily?  If  so  when  does  this  change  occur?  Are  the 
young  in  larger  broods  lighter  in  weight  than  small 
ones?  If  so,  does  this  weight  decrease  determine 
chances  of  survival  of  nestlings  as  reported  by 
Perrins  (1965)  for  tits.  What  ectoparasites  are 
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most  influential  on  martins,  assuming  that  the  numerous 
externals  forms  found  on  all  nestlings  do  affect  them? 
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Appendix  I.  Nest  boxes  used  in  1965  to  collect 

data  on  purple  martin  activity  at 
the  nest  entrance*  The  upper 
photo  was  taken  in  mid-July  during 
the  nestling  stage  while  the 
lower  photo  was  taken  in  early 
August  when  most  birds  were  parti¬ 
cipating  in  post-breeding  defence 
of  nest  entrances. 


Photos:  A.  Porcher. 
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Appendix  III.  One  of  the  photo  electric  and 

mechanical  switch  unit  boxes 
which  were  attached  to  each 
nest  box  to  record  the  number 
of  nest  entrances  and  depart¬ 
ures  by  purple  martins  in 
1965. 

The  upper  photo  illustrates 
the  unit  closed  and  in  place. 
The  mechanical  switch  can  be 
seen  at  the  left  in  the  en¬ 
trance.  The  lower  photo 
illustrates  the  contents  of 
the  unit.  The  photo-cell 
is  at  the  left  bottom,  the 
light  source  at  the  lower  right 
and  the  mechanical  switch 
overlies  the  photo-cell  on 
the  left. 
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Appendix  IV. 


Circuit  diagram  of  the  1965 
and  1966  electronic  setup 
used  for  measuring  the 
number  of  nest  entrances  and 
departures  by  purple  martins 
in  the  Edmonton  region. 
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Appendix  VI.  Purple  martin  activity  at  the 

nest  entrance  during  the  nest¬ 
ling  period  as  influenced  by 
two  meteorological  factors  in 
combination:  in  each  figure 

one  factor,  barometric  pressure, 
is  combined  with  one  factor 
including  temperature,  sky 
opacity,  wind  velocity  and 
relative  humidity. 

Numbers  in  bold  type  represent 
the  mean  of  the  differences 
from  the  "ideal"  feeding 
curve  (as  discussed  in  the 
text)  under  prevailing  meteor¬ 
ological  conditions  in  specific 
quadrants  of  the  graph.  They 
also  represent  the  distance  in 
arbitrary  units  from  the  origin 
along  a  line  at  45°  to  the 
major  axes.  They  form  the 
corners  of  the  polygons.  Numbers 
in  fine  type  indicate  the  median 
and  range  of  values  on  the  X  and 
Y  axes.  Numbers  in  fine  type 
and  bracketed  indicated  sample 
size  (number  of  pairs) . 


NESTLING  STAGE 


TEMPERATURE  vs. 
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Appendix  VIII.  Purple  martin  activity  at  the  nest  entrance 
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